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Abstract: 
Based on a series of 10-min point counts that were 
widely distributed throughout west-central Mexico, I 
detected 175 species of birds within agricultural border 
strips. Migrant species (including partial migrants and 
long-distance migrants) constituted 49% (85) of the species 
in these borders and 77% of the migrant species recorded on 
a broader survey of all major habitats in western Mexico. 
Among the most common species were Blue-gray Gnatcatcher, 
Yellow-rumped Warbler, Nashville Warbler, Orange-crowned 
Warbler, Chipping Sparrow and Lark Sparrow. As a group, 
migrants tend to have broader distribution across two 
elevational zones than resident species. Fifty-seven 
percent of the individuals detected in border strips were 
migrants, being more numerous in highlands than in lowlands; 
in contrast, 49% of the individuals detected in forested 
habitats were migrants. Migrants constituted most of the 
aerial and canopy insectivore species, and made up 80% of 
the insectivorous, and 53% of nectarivorous and granivorous 
individuals detected. Wider and taller border strips with 
relatively dense woody vegetation contained the highest 
number of species. Although most migrant species were 
classified as "generalists" in their use of border strips, 
some species were relatively restricted to wide, tall 
borders that contained remnants of the original vegetation. 
It is critical to maintain the diversity of border strips in 
agricultural landscapes because they represent important 
elements for the conservation of wintering and resident bird 
species, and of biodiversity in general in these 
environments that are otherwise largely converted 
landscapes. 
Director: Richard L. Hutto 
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1. INTRODUCTION 
Many migratory landbird species that breed in temperate 
North America spend as much as eight or nine months in their 
tropical and subtropical wintering areas (Keast 1980, Hutto 
1986). Despite this fact, studies about their winter 
ecology are scarce, and it is only in recent years that 
research on winter ecology of migrants has begun to gain 
considerable attention. 
Mexico represents the most important wintering area for 
many U.S. and Canadian migratory species, hosting 51% of all 
migratory bird species from North America (McNeely et al. 
1990). Terborgh (1989) pointed out that "...approximately 
half of all neotropical migrants winter in Mexico and the 
Antilles, and that relative to size of the breeding ground, 
this is a very reduced area. Populations are consequently 
highly compressed, a fact that must engender severe 
intraspecific competition for food resources, territories, 
social rank in flocks." 
In the 1960's several national monitoring programs were 
established in the United States, including the Christmas 
Bird Count and the Breeding Bird Census Programs organized 
by the Audubon Society, and the Breeding Bird Survey (BBS) 
initiated in 1965 by the U.S. Fish and Wildlife Service 
(Terborgh 1989). An analysis of the information from these 
long term monitoring programs revealed decreases in the 
1 
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populations of some neotropical migrant bird species 
(Terborgh 1989). Consequently, considerable effort has been 
directed to document these suspected trends and to study the 
possible causes for the reported declines. 
Presently, there is strong debate about the factors 
that might bias the methodology, research execution and 
interpretation of results obtained so far, and the evidence 
is being examined more critically (Askins et al. 1990). 
By considering the summer and winter distributions of 
migrant species in America, two different migration patterns 
have been defined: the eastern and the western migratory 
systems (Fitzpatrick 1980, Hutto 1980, 1985). Hutto (1986) 
pointed out that a large number of North American migrants 
appears to be restricted to western Mexico in the winter, 
and he states that "Most long-distance migratory species and 
subspecies that winter largely or exclusively in western 
Mexico breed west of the Rocky Mountains and north of the 
Mexican border" (1986: 13). On the other hand, most of the 
species populations that breed in the eastern and central 
sections of the United States migrate only partly to western 
Mexico; most of them winter farther east and south, 
including the eastern and southern portions of Mexico, 
Central America and the northern section of South America. 
Morton and Greenberg (1989) comment that "...these 
distributions are quite localized so that each region of the 
Neotropics has its particular migrant fauna." Fitzpatrick 
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(1980) has suggested that eastern species must travel longer 
distances in order to utilize humid broadleaf forests 
similar to those in which they breed. These kinds of 
forests are not present in western Mexico, where desert 
scrub, or thornscrub, lowland tropical deciduous forest, 
subtropical scrub and pine-oak forests are the dominant 
habitat types (Hutto 1986, after Rzedowski 1978). 
So far, evidence of the declines has come from studies 
of migrant species that breed in the eastern deciduous 
forests of North America (i.e. Robbins et al. 1989, Askins 
et al. 1990), and because western landbirds are 
geographically distinct from eastern migrants on both winter 
and summer ranges, their trends need to be analyzed 
separately (Hutto 1988, Paige 1990). Nevertheless, assuming 
that patterns in eastern North America are mirrored in the 
west, why might we be witnessing such population declines? 
Possible reasons include the following: 
(a) habitat fragmentation in breeding areas, which 
may result in an increase in nest predation (Robbins 
1979, Ambuel and Temple 1983, Wilcove 1985, Andren and 
Angelstam 1988, Yahner and Scott 1988), or brood 
parasitism from cowbirds (Brittingham and Temple 1983); 
(b) deforestation and land conversion for 
agricultural purposes within breeding habitats in 
temperate North America; 
(c) climatic changes (Winstanley et al. 1974); 
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(d) use of chemicals and pesticides in summer or, 
more importantly in winter, where use of pesticides may 
be more widespread (Vogt 1970, Walcott 1974); and, 
(e) deforestation and land conversion for 
agricultural purposes within wintering habitats in 
Latin American countries (Radabaugh 1974, Robbins et 
al. 1989). 
The fact that long-distance migrant populations show 
decreasing trends and resident species seem to remain stable 
in several locations within eastern North America suggests 
that the devastation of wintering habitats could be the most 
important cause of the declines (Aldrich and Robbins 1970, 
Walcott 1974, Galli et al. 1976, Robbins 1979, Ambuel and 
Temple 1983, Hall 1984, Robbins et al. 1989). 
Unfortunately, there are few data on the effects of 
deforestation in the Neotropics, and much of that 
information is contradictory. Some results of winter 
studies show generally negative effects of tropical 
deforestation on migrant species (Morton and Greenberg 1989, 
Robbins et al. 1989, Lynch 1989, 1992, Askins et al. 1990, 
1992 ), while others did not find generally negative effects 
on the bird fauna (Hutto 1980, 1986, 1988, 1989 and 1992, 
Kricher and Davis 1992). To resolve this issue, it is 
necessary to know the winter habitat used by migrants and 
the changes in land use effected in the past decades. 
According to studies in western Mexico (Hutto 1980, 
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1986, 1989), migrant densities and relative abundances in 
some habitats (especially disturbed habitats in the 
lowlands) are higher than those reported for other wintering 
migratory species anywhere else in the world. In fact, 
moderate disturbance may actually benefit many migratory 
species, although most residents and some migratory species 
with more specific habitat requirements are probably 
negatively affected (Hutto 1989). Hutto's caveat was that 
his conclusion was based on a limited sample of "disturbed" 
habitat types ("short 2nd-growth" and "tall 2nd-growth"), 
which are not necessarily the most typical and common forms 
of land transformation in western Mexico. Therefore, this 
generalization may not apply to other kinds of disturbed 
habitats. The need of a more systematic approach is 
evident, considering that the results could depend on the 
kind of disturbance studied or on the location of study. 
The most common form of disturbance in Mexico is the result 
of clearings for agricultural purposes, and this is why it 
is important to look at the use birds make of these 
environments during the winter. 
Agriculture has been changing during the last few 
decades and, in most developed countries, this has had a 
negative effect on wildlife. With the development of 
farming machinery and the new irrigation systems that 
require larger fields, vegetated border strips have been 
considered wasted space. Intensification of agriculture 
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threatens the border habitats as small farms are 
incorporated into larger units. Drastic reduction of 
agricultural borders to enlarge fields have taken place, 
particularly over the last 25 years in England (Bull et al. 
1976, Arnold 1983, O'Connor and Shrubb 1986), Sweden 
(Robertson et al. 1990), Australia (Saunders and Hobbs 1989, 
Saunders and Rebeira 1991), North America (Vance 1976, Best 
1983, Dowdeswell 1987), Cuba, the Dominican Republic, 
northern Mexico, Honduras, Panama (Terborgh 1989) and other 
developing countries. Continuing land use practices that 
increase crop-field size and eliminate woody vegetation from 
edge habitats would undoubtedly affect both the species 
richness and abundance of the avifauna associated with 
agricultural fields (Best et al. 1990). 
In Latin America, and specifically in Mexico, where 
fields are generally small and border strips are abundant in 
agricultural landscapes, no detailed systematic studies on 
the importance of these borders have been conducted. 
However, some general studies and observations indicate that 
during the winter months, with the arrival of migrant 
species to the Neotropics, bird diversity is at the highest 
level. This results in a very complex bird community whose 
numbers are amazingly high in comparison with summer bird 
communities in the same places (Mellink 1991, Villasenor 
pers. obs.). In agricultural landscapes, some North 
American migrants are among the most common species during 
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the non-breeding season. Because of this, habitats that are 
the result of the establishment and sustenance of 
agriculture become important from a conservation 
perspective. 
As an example of a developing country in Latin America, 
Mexico is facing a high rate of population growth (around 
2.3 per cent a year), with associated increases in the 
conversion of land, soil erosion and overgrazing. 
Agricultural landscapes consist of small to medium sized 
fields in different stages of disuse; these fields are 
generally owned by individual farmers and peasants. In the 
western sector of Mexico that includes the states of 
Michoacan, Colima, and Jalisco (an area of 144,361 km2), 
somewhere between 22 and 27 percent of the land is currently 
devoted to various kinds of agriculture. However, some 
projections indicate that agricultural land could increase 
to more than 50% of this area (INEGI 1981). 
Considering that agriculture is one of the most 
important activities in Latin America, and that "Hi-tech" 
agriculture is being introduced in some regions and probably 
will increase due to the North America Free Trade Agreement 
(NAFTA), it is important to determine which bird species use 
agricultural landscapes and to determine the value of these 
habitats for the conservation of migratory species. In 
particular, it is necessary to determine with some precision 
the winter distribution of migratory species, and to 
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determine whether these species depend upon undisturbed 
forest or whether they use modified habitats successfully 
during the winter. It is only with this information that we 
will be able to propose management alternatives for the 
conservation of the entire avian community inhabiting a 
given area. 
In this study, I investigate the extent to which 
agricultural border strips are important for migratory 
species by determining (1) the presence and abundance of 
species that use borders relative to adjacent, relatively 
undisturbed habitat, (2) the migratory status and guild 
composition of species that use borders during the non-
breeding season, and (3) how the probability of use differs 
among structurally different kinds of border strips. 
This study was developed as part of the project 
"EFFECTS OF LAND USE ON MIGRATORY LANDBIRDS OF WESTERN 
MEXICO", which was carried out under the direction of Dr. 
Richard L. Hutto, professor in the Division of Biological 
Sciences at the University of Montana. 
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2. STUDY AREA 
The field work was carried out over three winter 
seasons (January and February 1991, 1992, and 1993) in 
western Mexico specifically, the states of Jalisco, Colima, 
and Michoacan (Figure 1). This region consists of a varied 
physiographic mosaic with vast extensions of dry deciduous 
forest ("bosque tropical caducifolio"), tropical 
semi-deciduous forest ("bosque tropical subcaducifolio") and 
thornscrub ("bosque espinoso") in the lowlands, and pine-oak 
forest ("bosque mixto de pino-encino"), some fragmented and 
limited areas of cloud forest ("bosque mesofilo de 
montana"), and pine-oak-fir forest ("bosque de oyamel") in 
the highlands. Dropping in elevation inland, in zones 
between the highland forests and the xeric vegetation of the 
Mexican Central Plateau, the subtropical scrub ("matorral 
subtropical") is the characteristic vegetation type 
(Rzedowski and McVaugh 1966, Rzedowski 1978). 
The climate varies from hot and humid in the coastal 
lowlands, to hot and dry in the interior lowland valleys, 
and temperate and semi-humid in the highlands (Garcia 1988). 
The typical seasonality in this area of Mexico is marked by 
two distinctive periods of weather: a rainy season during 
the summer and part of the fall, and a dry season during 
winter and spring. 
FIGURE 1. Sampling locations of border strips in western Mexico. 
The letters correspond to those given in Table 1. O 
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3. METHODS 
Border strips around agricultural fields are a 
characteristic landscape feature of western Mexico. Borders 
can be defined as narrow bands of woody vegetation and other 
herbaceous plants that separate fields, and which are 
usually interconnected in some way, forming a network. 
Depending on the features of these border strips, special 
terminology has been used: the terms "hedge" and "hedgerow" 
refer specifically to low dense vegetation with shrubs and 
small trees; "fencerow" refers to those hedgerows where a 
fence is, or was, present; "shelterbelt" refers to a planted 
strip composed of several rows of woody plants (Forman and 
Baudry 1984). In this study, all these different types are 
included under the term "agricultural border strips" or 
simply "border strips". 
3.1. Border Strip Structure 
Categorization of border strips was based on their 
width and vegetation structure (a la Osborne 1984). Border 
width was recorded as either (1) a single line of vegetation 
(acting as a limit between two adjacent agricultural 
fields), (2) a double line (generally two narrow borders at 
the sides of a dirt road), or (3) a broad strip or 
"corridor" of vegetation (more than 5 m wide, and sometimes 
with a small stream or irrigation ditch running through it). 
Seven additional structural variables included (1) the 
maximum height of vegetation in the border, defined as 
either (la) short border (which included the border strips 
made up primarily by shrubby and herbaceous vegetation that 
was generally lower than 3 m height), or (lb) tall border 
(which included those border strips containing trees of 
different height, but generally taller than 3 m); 
(2) adjacent agriculture, classified as either (2a) crops, 
including pasture land, plowed fields, fallow fields and all 
kinds of temporal short agriculture (such as corn, garbanzo 
beans, hay, wheat, sorghum, cane, rice, tobacco, tomatoes, 
carrots, etc.), and (2b) plantations, embracing permanent 
extensions of cultivated trees, generally for fruit 
production (such as banana, mango, coconut, papaya, 
tamarind, citrus, avocado, guayaba, apple, pear, and peach); 
(3) percentage coverage of trees estimated by eye and taken 
within a 20-m length along the border from the bird census 
point; (4) percentage coverage of bushes estimated by eye 
and taken within a 20-m length along the border from the 
bird census point; (5) percentage coverage of herbs also 
estimated by eye and taken within a 20-m length along the 
border from the bird census point; (6) presence or absence 
of rock fences; and (7) presence or absence of dead trees 
within a 20-m length along the border from the bird census 
point. 
The different combinations of width, height, and 
surrounding agriculture variables were used to classify all 
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possible border strip types as follows: 
BORDER WIDTH HEIGHT SURROUNDING CODE 
TYPE AGRICULTURE 
1 Single Short Crop SSC 
2 Single Short Plantation SSP 
3 Single Tall Crop STC 
4 Single Tall Plantation STP 
5 Double Short Crop DSC 
6 Double Short Plantation DSP 
7 Double Tall Crop DTC 
8 Double Tall Plantation DTP 
9 Broad Short Crop BSC 
10 Broad Short Plantation BSP 
11 Broad Tall Crop BTC 
12 Broad Tall Plantation BTP 
In addition, three derived variables were computed: (1) 
tree area (tree coverage multiplied by the height of the 
strip); (2) bush area (bush coverage multiplied by 3, the 
hypothetical maximum height of bushes; and (3) cover (the 
sum of both tree and bush area). 
3.2. Additional border strip characterization 
A description of the most common plant species and 
additional botanic samples of the flora of sample border 
strips were used to describe the vegetative composition of 
borders. 
Usually, border strips consist of common and widespread 
plant genera and species. Tree species found in border 
strips are generally native genera resistant to disturbance 
or are planted fruit trees, while shrubs represent an 
invasive development of opportunistic species. Weeds are 
also very common in agricultural landscapes, and they are 
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well adapted to anthropogenic conditions. Their presence 
depends on climatic and soil conditions, as well as on 
changes caused by human activities, which makes their 
populations fluctuate from year to year. These communities 
are very heterogeneous, but stable combinations of species 
will remain if the cause of the disturbance (agriculture) is 
maintained. Some of the well-represented plant families in 
these communities are Gramineae, Leguminosae, and 
Compositae, which are sometimes the dominant species as well 
(Rzedowski 1978). Their importance for bird life is mainly 
the food provided by the production of a great amount of 
seeds, and the protective cover they supply. As most of 
them are annual or biannual species, seed production serves 
to maintain populations of seed-eater species. 
3.2.1. Lowland Border Strips: 
Sixty-four genera and species of plants were registered 
as common within lowland border strips (Appendix 1). The 
simplest type of border in lowlands was the short border 
strip, which is characterized by the presence of shrubby 
species (mainly legumes), abundant vines and weeds. Among 
the most frequent genera of shrubs are Prosopis, Acacia, 
Zenna, Mimosa, small individuals of Pithecoellobium, Ricinus 
and other undetermined legume species. With respect to the 
vines, Momordica, Aristolochia and some species of the 
Cucurbitaceae .family are important as sources of fruits and 
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also dense cover for birds. In addition, some grasses, a 
good number of herb species (Sida, Amaranthus, Lantana, 
Crotalaria, Solanum and several composites) were recorded. 
These border strips represent an early successional stage 
that is maintained in the agricultural landscape. In 
general, the species are widespread and common in lowlands, 
and most of them are characteristic of tropical second-
growth communities. 
Although tall borders include the same widespread 
species recorded in short borders, these also contain a 
series of tree genera. Among the most frequent ones are 
Guazuma, Ficus, Tabebuia, Cordia, Lysiloma, Pithecoellobium, 
Ficus and Celtis, all being native species of tropical 
forest. Also, several planted fruit trees were recorded in 
the border strips and they included both introduced and 
native genera such as Tamarindus, Manqifera, Spondias, 
Citrus, Annona, and Psidium. Among the herbs, the genera 
found were Iresine, Croton, Anisachantus, Clematis, 
Gomprhena, and Phaseolus, all of them requiring some 
protection from the sun provided by the dense tree cover. 
Panicum was one of the common genera of grasses. Common 
vines included several species of Ipomoea, and some members 
of Sapindaceae and Vitaceae. A parasitic mistletoe of the 
genus Struthanthus was more or less frequent on the tall 
trees. 
Among the' different categories of border strips, the 
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most homogeneous type was represented by the short and broad 
border strips types. These were almost entirely composed of 
a uniform vegetation cover of Acacia farnesiana, A. 
cymbispina, A. pennatula and/or Prosopis with abundant 
intermingled vines. These borders represent the most 
typical secondary association in tropical western Mexico. 
Frequently this kind of association may "decay" eventually 
to grasslands (Rzedowski & McVaugh 1966). 
The higher diversity was found in the tall and broad 
borders, which contain native groups of plants and represent 
remnants of the original vegetation. Among the genera 
included in these borders are Aralia, Tabebuia, 
Enterolobium, Brosimum, Ficus, Orbiqnya, and Bummelia. 
3.2.2. Highland border strips: 
Border strips in highlands were more diverse in plant 
composition than lowland border strips. In highlands, I 
recorded 90 genera and species of plants as common (Appendix 
2). Short borders were characterized by the presence of 
common shrubs like Prosopis, Baccharis, Buddleia, Taqetes 
lucida, Agave, Opuntia, and short individuals of Crataegus• 
The herbaceous stratum was composed primarily of grasses and 
plants of the genera Salvia, Vernonia, Tithonia, Lenotis, 
Amaranthus, Lantana, and other composites. Vine or vine­
like species were not frequent, although Ipomoea, Sycios, 
and Rubus were sometimes present. 
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As with the tall lowland borders, tall highland borders 
contained the species mentioned for short border strips in 
addition to some arboreal components. Common tree genera 
were Fraxinus, Prunus, Crataegus, Eucalyptus, Cupressus, 
Quercus, Pinus, Erythryna, Salix, and Styrax. Trees of the 
genus Casuarina and Erythryna, are planted as ornamental 
live fences and shelterbelts. Fruit trees found in borders 
were Annona cherimolla, Persea americana, Prunus capulli, P. 
persica, and Cydonia oblonqa• Eucalyptus, an Australian 
genus, has been widely introduced in the highlands as part 
of the efforts to maintain the soil and, supposedly, to help 
to its recovery in eroded areas. Among the most common 
herbaceous species were members of the genera Senecio, 
Salvia, Eupatorium, Vernonia, Taqetes, and Leonotis 
nepetaefolia. Vines or vine-like species were well 
represented, including Clematis, Rubus, and Sycios. The 
parasitic plant species sometimes present belong to the 
genus Phoradendron. 
In the mountainous region of central-western Mexico, it 
is common to find associations of Tithonia, Taqetes, 
Eupatorium, Ambrosia, and Verbesina at the sides of open 
crops (i.e. corn fields), and the presence of Brassica and 
Taraxacum is evident in dense crops (as in the cases of 
wheat, oat, and pasture fields). Whenever the genera 
Baccharis, Salvia, and Taqetes are found, sometimes with 
representatives of Senecio, Verbesina, Alnus, and 
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Crataegus, it is considered that they represent a 
successional community of Pine-Oak or Oak forest (Rzedowski 
1978). 
The presence of Pinus, Styrax, and Quercus, indicates 
the existence of "remnant" borders left after the 
establishment of agricultural fields. Usually, borders with 
these elements fell into the categories of broad and tall 
borders. In these remnant borders, other characteristic 
genera of Pine-Oak woodland were recorded, including 
Arbutus, Arctostaphylos, Prunus, Cupressus, Eupatorium, 
Stevia, Vernonia, and Rubus. 
3.3. Bird censuses: 
Data were collected from various stages of disturbance 
and agricultural use within two main habitats located at the 
extremes of the elevational gradient (lowland dry deciduous 
forest and highland pine-oak forest). I obtained 
information from 808 point counts gathered in western Mexico 
(lowlands=413, highlands=395). These counts were 
distributed among 21 localities (Table 1 and Figure 1) and 
the 12 border strip types (Tables 2 and 3). 
Border strips around agricultural fields were sampled 
by conducting a minimum of 20-30 point counts per sampling 
locality, following the method described by Hutto et al. 
(1986). Sampling locations were selected for their 
accessibility and abundance of border strips. Additionally, 
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TABLE 1. Geographic coordinates of locations in which border 
strips were sampled in western Mexico. 
LOCATION3 LATITUDE (N) LONGITUDE (W) STATE 
LOW ELEVATION LOCALITIES 
A. Puerto Vallarta 20° 40 ' 105° 13' Jalisco 
B. Villa Polinesia 19° 35' 105° 05' Jalisco 
C. Emiliano Zapata 19° 22 ' 104° 57' Jalisco 
D. San Patricio 19° 14' 104° 42' Jalisco 
E. Santiago 19° 08' 104° 21' Colima 
F. El Farito 18° 06 ' 102° 47 ' Michoacan 
MIDDLE ELEVATION LOCALITIES 
G. Colima 19° 05* 103° 43' Colima 
H. Villa de Alvarez 19° 16' 103° 48' Colima 
I . Autlan 19° 46 • 104° 22 ' Jalisco 
J. Paracuaro 19° 09' 102° 13' Michoacan 
HIGH ELEVATION LOCALITIES 
K. Talpa de Allende 20° 23' 104° 49 ' Jalisco 
L. Los Volcanes 20° 18' 104° 31' Jalisco 
M. Ciudad Guzman 19° 41' 103° 28' Jalisco 
N. Mazamitla 19° 54 ' 103° 01' Jalisco 
0. Uruapan 19° 25' 102° 04' Michoacan 
P. Patzcuaro 19° 30' 101° 36' Michoacan 
Q. Tzintzuntzan 19° 35' 101° 33' Michoacan 
R. Villa Madero 19° 23' 101° 17' Michoacan 
S. Capula 19° 40' 101° 23' Michoacan 
T. El Temazcal 19° 41* 101° 02' Michoacan 
U. Ucareo 19° 54' 100° 41' Michoacan 
The letters correspond to those in figure 1. 
TABLE 2. Number of point counts conducted in border strips of lowland locations in 
western Mexico. 
BORDER STRIP TYPES* 
LOCATION # POINTS 1 2 3 4 5 6 7 8 9 10 11 12 
PUERTO VALLARTA 27 4 1 6 2 4 - 2 2 1 - 5 -
VILLA POLINESIA 48 3 3 12 - 3 - - 3 2 1 10 1 
10 No information on border strip structure 
EMILIANO ZAPATA 25 2 5 1 5 2 1 4 1 2 - 1 1 
SAN PATRICIO 75 1 10 8 8 - 6 3 9 2 5 3 19 
1 No information on border strip structure 
SANTIAGO 29 - 1 2 2 - - - 2 - 1 8 13 
COLIMA 23 2 - 5 - - - 2 - 2 - 11 1 
VILLA DE ALVAREZ 29 4 - 11 - 1 - - - - - 13 -
AUTLAN 85 - 1 15 4 5 - 16 - 3 2 16 8 
15 No information on border strip structure 
EL FARITO 25 - - - 5 - 3 - 8 1 2 1 *5 
PARACUARO 47 8 2 6 3 5 6 1 3 2 - 6 5 
TOTALS 413 24 23 66 29 20 16 28 28 15 II 74 53 
* l=Single Short Crop; 2=Single Short Plantation; 3=Single Tall Crop; 4=Single Tall 
Plantation; 5=Double Short Crop; 6=Double Short Plantation; 7=Double Tall Crop; 
8=Double Tall Plantation; 9=Broad Short Crop; 10=Broad Short Plantation; ll=Broad 
Tall Crop; 12=Broad Tall Plantation. 
to 
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TABLE 3. Number of point counts conducted in border strips of highland locations in 
western Mexico. 
BORDER STRIP TYPES* 
LOCATION # POINTS 1 2 3 4 5 6 7 8 9 10 11 12 
CAPULA 28 6 - 12 - 1 - 1 - 2 - 6 -
CIUDAD GUZMAN 26 5 - 3 - 7 - 6 - 5 - - -
EL TEMAZCAL 48 - - 11 4 4 - 5 1 3 - 10 10 
LOS VOLCANES 22 16 - - - 1 - - - 1 - 4 -
MAZAMITLA 71 10 1 35 11 3 - 5 - 1 — 5 — 
1 No information on border strip structure 
TALPA DE ALLENDE 28 1 - 11 - 2 - 5 - - - 9 -
TZINTZUNTZAN 25 4 - 2 - 3 - 8 - 1 - 6 1 
URUAPAN 40 - - 2 4 — 1 - 1 — — 26 
6 No information on border strip structure 
PATZCUARO 42 8 - 5 - 10 - 12 1 2 - 4 -
UCAREO 35 1 2 1 8 5 - 2 12 - - - 4 
VILLA MADERO 29 - - - 17 - 1 - 3 - - - 8 
TOTALS 395 5l ~3 82 44 36 ~T 45 17" 16 ~0 44 49 
* l=Single Short Crop; 2=Single Short Plantation; 3=Single Tall Crop; 4=Single Tall 
Plantation; 5=Double Short Crop; 6=Double Short Plantation; 7=Double Tall Crop; 
8=Double Tall Plantation; 9=Broad Short Crop; 10=Broad Short Plantation; ll=Broad 
Tall Crop; 12=Broad Tall Plantation. 
to 
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sampling localities and border categories were intermixed 
and distributed throughout the study area to avoid 
pseudoreplication problems (Hurlbert 1984). 
Each point was located more or less at 200 m from other 
points, along trails or straight-line transects that were 
haphazardly selected. At each point the count duration was 
ten minutes. Two kinds of data were recorded: 
1) the number of individuals of each species detected 
within a 25-m radius (fixed radius), and 
2) the presence of any other individuals that were 
detected beyond 25-m but still within the border 
strip (unlimited radius). 
Birds flying to within the 25-m radius during the count 
were recorded as detections inside the fixed radius. All 
the counts were conducted between 0700 and 1030 in the 
lowlands, and between 0700 and 1100 in the highlands. 
Raptors (except for the American Kestrel), aquatic, 
nocturnal, and aerially-feeding species were not considered. 
(For a more extensive explanation of this methodology, see 
Hutto et al. 1986). 
3.4. Analysis: 
The analysis involved a division of the data into the 
two main elevational zones: lowlands (including both low and 
middle elevation [<1000 m] locations), and highlands, 
(mostly pine-oak woodlands). Locations within the Mexican 
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Central Plateau (with subtropical scrub and tropical 
deciduous vegetation) were not included. 
To determine which bird species use border strips, I 
simply compiled a list of the different species recorded in 
the border strips that were sampled. Their migratory status 
was determined by using information from previously 
published papers (A.O.U. 1983, Partners in Flight 1992), and 
previous experience. I included three migratory status 
categories: residents, long-distance migrants, and partial 
migrants. Long-distance migrants were defined as those 
species that breed north of the Mexican border and winter in 
either Mexico, Central America, or South America. 
Some long-distance migrants have broad breeding 
geographic ranges in North America, including areas in both 
Mexico and the United States. During the winter, northern 
populations of these species migrate south and occupy the 
same areas in which southern populations of the same species 
occur all year long. Consequently, it is impossible to 
determine if the individuals observed in winter are migrants 
or residents. Because of this, the species with overlapping 
summer and winter distributions were considered "Partial 
Migrants". 
Partial migrants were incorporated with the long­
distance migrants whenever I use the general term 
"Migrants". 
The classification of species into these groups 
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permitted me to obtain the overall number of migrant and 
resident species and individuals, their proportions in a 
given habitat, and also their proportions on individual 
counts. ANOVA analyses were performed in order to test if 
there were significant differences in the mean proportion of 
resident or migrant species on individual counts. In order 
to stabilize the variances for these analyses, I used an 
"arc-sin transformation": 
p'= 2 arcsin Vp 
where p represents the proportions of migrant or resident 
birds on an individual count. Also, because the number of 
counts differed among habitats, I performed a weighted least 
squares analysis, using the number of individuals in each 
individual point as the weighting variable, as proposed by 
Neter and Wasserman (1974). 
In order to determine the relative abundance of 
species, I calculated the mean number of individuals of a 
given species per point count. Rare species were considered 
to be species with abundances lower than 0.03 individuals 
per point count. 
Species were also classified into nine "foraging guild" 
categories. The guild classification follows the criteria 
used by Hutto (1980, 1989), and it also considers 
information from field guides (mainly Ehrlich et al. 1988) 
and observations of foraging individuals in the field. The 
guild groups were defined as follows: AI= Aerial 
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insectivore, CI= Canopy insectivore, Fr= Frugivore, GI= 
Ground insectivore, Gr= Granivore, Ne= Nectarivore, 0m= 
Omnivore, SI= Shrub insectivore, and TI= Trunk insectivore. 
To determine whether bird composition within border 
strips differed from that in undisturbed vegetation and from 
agricultural fields, I used a set of 2269 point counts from 
an extensive database of more than 4300 cases gathered in 
the western Mexico states over a period of six years 
(Holmes, unpublished MS thesis). Information from a sample 
of 1103 point counts was taken from lowland locations (504 
from tropical deciduous forest, 413 from lowland border 
strips, and 186 from lowland agricultural fields). In 
highlands, a total of 1166 of points were used, including 
542 counts from highland forest, 394 from highland borders, 
and 229 from highland agriculture. 
From these data I calculated (a) the number of species 
recorded in each zone (lowlands and highlands); (b) the 
number and percentage of resident and migrant species in 
each zone, for the undisturbed forest, and for each one of 
the disturbance habitat types within each zone; and (c) the 
mean number of species and individuals per point for each 
habitat in both zones. In all the cases when ANOVA analysis 
was performed for number of individuals, the data were 
transformed by using the square root of the values to 
normalize their distribution. 
In order to quantify the similarity of bird communities 
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between combinations of undisturbed forest, border strips 
and agricultural fields, I used the Correlation Ratio (C.R.) 
(Brown and Gibson 1983), 
c2 
C.R. = 
NX* N2 
where C represents the number of species present in both 
communities being compared and NL and N2 represent the number 
of species present in each one of the communities. I used 
Levins' (1968) Niche Breadth Index (N.B.I.) in order to 
determine the extent to which a species was distributed 
evenly among the different habitats sampled. The N.B.I, 
formula is: 
1 
N.B.I. = 
where P± is the weighed proportion of individual detections 
in habitat i. The species were classified into several 
groups according to their N.B.I, values, based in a 
subjective scale. Species were "specialists" of a given 
habitat if their N.B.I, was between 1 and 1.30, "generalists 
of two habitats" if their value was included in the 1.31 and 
2.30 range and "broad generalists" if their N.B.I value was 
greater than 2.30. 
To determine whether bird composition differed among 
the various categories of border strips, I used a Oneway 
ANOVA to test if there were significant differences among 
the mean numbers of resident and migrant species and the 
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square root of the number of individuals in each of the 
border types in both lowlands and highlands together. A 
similar analysis was used to test if such differences were 
evident for guild groups. 
Based on the mean number of individuals per border 
strip category, and the most significant interactions 
obtained by the use of Hierarchical Log-Linear Analysis 
(using the categorical variables that define border strip 
types) as a guide, several groups were defined according to 
how the species use different border strips: 
a) Generalists occurred more or less evenly among the 
different border strips types, or were abundant and did not 
show, in their abundances, a clear pattern of preference by 
certain border types. 
b) Narrow border species occurred mainly in single and 
double line borders. 
c) Corridor species were found mainly in wide border strips. 
d) Sensitive species showed a clear avoidance pattern for 
the double line corridors (with the highest level of 
disturbance due to the presence of the road). 
e) Specialists were those species that occurred in border 
strips when the strips met certain sets of conditions. Two 
subgroups are included in this category: first, the species 
that are somewhat flexible, and second, those species that 
are very specific in the kind of border strips they use. An 
example of the first is the case in which a species showed a 
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preference for tall borders, but also occurred in sites 
where plantations existed. The last case includes those 
species that require a unique set of conditions in the 
border strip. An example of this could be the situation 
where a species is present in tall borders, but only in 
those that are surrounding plantations (requiring of both 
conditions). 
I used the limited-radius data to compute correlations 
between the seven structural variables and the three derived 
variables, and the mean number of species, mean number of 
individuals, guild groups, and the number of individuals 
detected per count of the most common species (N>25). 
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4. RESULTS. 
4.1. Bird species using border strips: number of species 
and individuals, migratory status, relative abundance and 
guild groups. 
A total of 175 bird species was detected within border 
strips (Table 4). Of these, 51.4% (90) were resident, 22.3% 
(39) were partial migrants, and 26.3% (46) were long­
distance migrant species. Thus, almost half of the species 
(48.6%) were migratory to some extent. These 175 species 
represent 68.6% of the total number of species (255) 
recorded in a more complete survey of the different habitats 
present within western Mexico (62.1% of the resident and 
7 7.3% of the migrant species) (Holmes, unpublished MS 
thesis). 
The percentages of species in each migratory status 
group are not significantly different from that expected on 
the basis of species recorded in all of western Mexico 
(Table 5). Lowland communities included 54 resident, 26 
partial-migrant, and 33 long-distance migrant species. In 
the highlands, 61 resident, 34 partial migrants, and 37 
long-distance migrants were detected. 
The taxa with the higher number of long-distance 
migrant species and partial migrants were the subfamily 
Parulinae, the family Tyrannidae, and the subfamilies 
Emberizinae, Icterinae, and Cardinalinae, with 16, 16, 12, 8 
and 7 migrant species, respectively. The rest of the 
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TABLE 4. Frequency, mean number of individuals detected per count, 
migratory status and guild of each of the species recorded in agricultural 
border strips in western Mexico. 
LOWLANDS HIGHLANDS 
SPECIES Frequency1 Mean2 Frequency1 Mean2 STATUS3 GUILD4 
American Kestrel 44 11, .1 58 16, .0 M AI 
West Mexican Chachalaca 1 0, .5 — — R FR 
Northern Bobwhite — — 1 0, .3 R GR 
Banded Quail 7 18, .9 — — R GR 
Rock Dove 1 0, .5 1 0, .5 R GR 
White-winged Dove 18 7, .8 4 1, .0 PM GR 
Mourning Dove 11 5, .1 24 19 .0 PM GR 
Inca Dove 97 48, .9 92 49 .4 R GR 
Common Ground-Dove 119 83, .3 10 5 .8 R GR 
Ruddy Ground-Dove 56 28, .8 2 1 .0 R GR 
White-tipped Dove 28 8, .0 — — R FR 
Orange-fronted Parakeet 4 2 .4 — — R FR 
Blue-rumped Parrotlet 5 9, .4 — — R FR 
White-fronted Parrot 1 0, .5 — — R FR 
Squirrel Cuckoo 4 1, .0 1 0 .3 R OM 
Groove-billed Ani 105 108, .2 1 0 .3 R OM 
Fork-tailed Emerald 2 0, .5 — — R NE 
Broad-billed Hummingbird 17 4, .6 32 8 .9 R NE 
White-eared Hummingbird — — 44 18 .7 PM NE 
Berylline Hummingbird — — 15 5, .1 R rr 
Cinnamon Hummingbird 19 5, .8 — — R 
Violet-crowned Hummingbird 4 1, . 2 — — R 
Magnificent Hummingbird — — 2 0, .5 PM NE 
Ruby-throated Hummingbird 2 0, .5 — — M NE 
Black-chinned Hummingbird 1 0, . 2 — — M NE 
Bumblebee Hummingbird — — 1 0, .4 R NE 
Rufous Hummingbird — — 36 11, .9 M NE 
Citreoline Trogon 1 0, . 2 — — R OM 
Russet-crowned Motmot 1 0, »2 — — R OM 
Acorn Woodpecker — — 6 1, .5 R OM 
Golden-cheeked Woodpecker 150 48, .2 — — R TI 
Golden-fronted Woodpecker — — 8 2, .0 R TI 
Red-naped Sapsucker — — 1 0, .3 M TI 
Ladder-backed Woodpecker 11 2, »7 13 3, .3 R TI 
Hairy Woodpecker — — 1 0, .3 R TI 
Northern Flicker — — 6 2 .1 R • OM 
Northern-beardless Tyrann. 43 12, .1 7 2 .0 PM AI 
Tufted Flycatcher — — 16 4 .1 R AI 
Greater Peewee — — 32 8 .1 PM AI 
Willow Flycatcher 3 0 .7 — — M AI 
Western Flycatcher 20 4 .8 12 3 .3 M CI 
Buff-breasted Flycatcher — — 15 3 .8 PM AI 
Black Phoebe — — 3 1 .0 R AI 
Say's Phoebe — — 4 1 .0 M AI 
Vermilion Flycatcher 51 15, .5 124 42 .8 PM AI 
Dusky-capped Flycatcher 12 3 .2 10 3 .0 PM AI 
Ash-throated Flycatcher 46 12, .6 — — PM AI 
Brown-crested Flycatcher 3 1, .0 — — PM AI 
Great Kiskadee 167 65, .6 1 0 .3 R AI 
Social Flycatcher 125 60, .5 4 2 .8 R AI 
Tropical Kingbird 152 57, .6 — — PM AI 
Cassin's Kingbird 1 0, .5 136 41 .8 PM AI 
Thick-billed Kingbird 59 15, .3 1 0 .3 PM AI 
Western Kingbird 3 0 .7 — — M AI 
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TABLE 4. Continued. 
LOWLANDS HIGHLANDS 
SPECIES Frequency1 Mean2 Frequency 1 w 2 Mean STATUS3 GUILD4 
Scissor-tailed Flycatcher 2 0.7 — — M AI 
Rose-throated Becard 1 0.3 — — PM CI 
Horned Lark — — 2 0.8 M GR 
Magpie Jay 4 3.9 — — R OM 
San Bias Jay 26 20.6 — — R OM 
Gray-breasted Jay — — 3 1.5 R OM 
Common Raven 2 0.5 9 3.3 R OM 
Bushtit — — 20 40.5 R SI 
Spotted Wren — — 8 8.4 R SI 
Canyon Wren — — 23 6.1 R SI 
Sinaloa Wren 43 11.6 — — R SI 
Banded Wren 1 0.2 — — R SI 
Happy Wren 52 13.3 1 0.5 R SI 
Bewick's Wren — — 13 3.8 R SI 
House Wren 31 8.0 157 43.8 M SI 
White-bellied Wren 2 0.7 — — R SI 
Ruby-crowned Kinglet — — 57 31.1 M CI 
Blue-gray Gnatcatcher •291 166.3 135 70.4 M CI 
Eastern Bluebird — — 23 15.7 PM OM 
Brown-backed Solitaire — — 8 2.0 R FR 
Orange-b.Nihgtingale Thrush — — 15 5.6 R FR 
Russet Nightingale Thrush — — 6 1.5 R FR 
Hermit Thrush — — 1 0.3 M FR 
White-throated Robin — — 6 2.0 R FR 
Rufous-backed Robin 42 20.1 — — R FR 
American Robin — — 76 34.7 PM OM 
Northern Mockingbird 21 5.1 13 3.5 PM OM 
Curve-billed Thrasher — — 36 10.9 R OM 
Blue Mockingbird 3 0.7 69 20.8 R FR 
Cedar Waxwing — — 41 6.2 M FR 
Gray-silky Flycatcher — — 30 16.7 R FR 
Loggerhead Shrike 5 1.2 34 10.1 PM AI 
Bell's Vireo 29 8.5 — — M CI 
Solitary Vireo 2 0.5 4 1.0 PM CI 
Hutton's Vireo — — 9 2.3 R CI 
Golden Vireo 3 1.2 — — R CI 
Warbling Vireo 61 16.2 40 10.9 M CI 
Orange-crowned Warbler 67 22.3 109 33.4 M SI 
Nashville Warbler 155 60.8 68 24.8 M CI 
Lucy's Warbler 42 15.5 — — M CI 
Tropical Parula 10 2.4 — — R CI 
Crescent-chested Warbler — — 2 0.8 R CI 
Yellow Warbler 121 45.0 3 1.0 PM CI 
Yellow-rumped Warbler 105 51.3 243 163.8 M CI 
Black-throated Gray Warbler 8 4.6 15 4.6 M CI 
Townsend's Warbler — — 17 5.1 M CI 
Grace's Warbler — — 1 0.5 PM CI 
Black-and-white Warbler 11 2.9 3 1.0 M TI 
Northern Waterthrush 1 0.2 3 0.8 M GI 
MacGillivray1s Warbler 92 27.6 55 16.5 M SI 
Common Yellowthroat 9 2.9 10 4.1 PM SI 
Gray-crowned Yellowthroat 13 3.9 — — R SI 
Wilson's Warbler 39 11.6 103 32.9 M SI 
Red-faced Warbler — — 6 1.5 PM CI 
Painted Redstart — ... 2 0.5 PM CI 
Slate-throated Redstart — — 10 3.0 R CI 
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TABLE 4. Continued. 
LOWLANDS HIGHLANDS 
SPECIES Frequency1 Mean2 Frequency1 Mean2 STATUS3 GUILD4 
Rufous-capped Warbler — 8 3.3 R CI 
Yellow-breasted Chat 38 9.7 1 0.3 PM SI 
Scrub Euphonia 10 3.2 — — R FR 
Blue-hooded Euphonia 1 0.2 2 0.8 R FR 
Hepatic Tanager — — 17 5.1 PM CI 
Summer Tanager 6 1.5 — — M CI 
Western Tanager 53 17.7 11 3.0 M CI 
Flame-colored Tanager — — 1 0.3 R CI 
Grayish Saltator 32 9.7 — — R GR 
Yellow Grosbeak 2 2.2 — — R GR 
Black-headed Grosbeak 8 3.6 53 21.5 PM GR 
Blue Bunting 30 17.4 6 2.3 R GR 
Blue Grosbeak 67 51.1 59 30.4 PM GR 
Lazuli Bunting 3 1.5 2 0.5 M GR 
Indigo Bunting 4 2.2 1 0.3 M GR 
Varied Bunting 27 12.8 17 5.3 PM GR 
Orange-breasted Bunting 25 10.4 — — R GR 
Painted Bunting 81 38.3 3 0.8 M GR 
Dickcissel 1 0.2 — — M OM 
Rufous-capped Brush-Finch — — 1 0.3 R OM 
Chestnut-capped Brush-Finch — — 7 1.8 R OM 
Olive Sparrow 1 0.2 — — R GR 
Rusty-crowned Ground-Sparrow — 4 1.8 R GR 
Green-tailed Towhee 1 0.2 1 0.3 M GR 
Collared Towhee — — 1 0.3 R OM 
Rufous-sided Towhee — — 10 3.5 PM OM 
Canyon Towhee — — 208 106.3 R OM 
Blue-black Grassquit 113 106.3 14 7.9 R GR 
White-collared Seedeater 56 45.8 16 8.9 R GR 
Cinnamon-bell. Flowerpiercer — — 1 0.3 R NE 
Black-chested Sparrow 1 0.5 — — R GR 
Stripe-headed Sparrow 129 122.3 25 22.8 R GR 
Rusty Sparow — — 6 1.5 R GR 
Striped Sparrow — — 6 1.8 R GR 
Chipping Sparrow 1 1.0 183 353.9 M GR 
Clay-colored Sparrow — — 41 7.0 M GR 
Brewer1s Sparrow — — 1 0.5 M GR 
Vesper Sparrow — — 21 13.4 M GR 
Lark Sparrow 68 135.8 44 155.2 M GR 
Savannah Sparrow — — 22 25.6 M GR 
Grasshopper Sparrow 9 8.0 28 16.2 M GR 
Sierra Madre Sparrow — — 1 0.3 R GR 
Song Sparrow 1 0.2 2 1.5 PM GR 
Lincoln's Sparrow 30 10.2 145 60.8 M GR 
White-crowned Sparrow — — 1 1.8 M GR 
Yellow-eyed Junco — — 8 2.8 R OM 
Red-winged Blackbird 5 2.4' — — PM OM 
Eastern Meadowlark 13 4.1 31 10.6 M OM 
Brewer1s Blackbird — — 1 1.3 M OM 
Great-tailed Grackle 55 68.5 6 3.0 R OM 
Bronzed Cowbird 10 7.0 — — R OM 
Brown-headed Cowbird 13 71.9 12 9.6 PM OM 
Black-vented Oriole 25 9.4 2 2.0 R OM 
Orchard Oriole 19 7.0 2 0.8 M OM 
Hooded Oriole , 3 0.7 3 0.8 M OM 
Streak-backed Oriole 183 64.9 3 1.3 R OM 
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TABLE 4. Continued. 
LOWLANDS HIGHLANDS 
SPECIES Frequency1 Mean2 1 2 Frequency Mean STATUS3 GUILD4 
Spot-breasted Oriole 4 4.8 — — R OM 
Northern Oriole 10 4.8 68 21.8 PM OM 
Scott's Oriole — — 5 1.8 PM OM 
Yellow-winged Cacique 110 73.6 — — R OM 
House Finch 9 3.4 209 174.7 R GR 
Pine Siskin — — 11 12.2 PM GR 
Lesser Goldfinch 40 29.5 49 78.7 R GR 
House Sparrow 3 3.2 27 18.7 R OM 
TOTALS 113 spp . 132 spp. 
TABLE 4. Continued. 
RESIDENT SPECIES 90 (51.4%) 
17 5 SPECIES RECORDED PARTIAL MIGRANT SPECIES 37 (21.1%) 
MIGRANT SPECIES 48 (27.4%) 
= Number of times detected within a point count. Lowlands (N=413), 
2 Highlands (N=395). 
= Mean number of individuals per count (x 100). 
4= R=Resident, PM=Partially migratory, M=Long-distance migrant. 
= FR=Frugivorous, GR=Granivorous, NE=Nectarivorous, OM=Omnivorous, 
AI=Aerial Insectivore, SI=Shrub Insectivore, CI=Canopy Insectivore, 
GI=Ground Insectivore, TI=Trunk Insectivore. 
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TABLE 5. Number of migrant and resident species recorded in western 
Mexico (Jalisco, Colima, and Michoacan) and number recorded within 
agricultural border strips. 
STATUS WESTERN MEXICO BORDER STRIPS 
RESIDENT 145 (56.9%) 90 (51-4%) 
MIGRANTS 110 (43.1%) 85 (48.6%) 
PARTIAL MIGRANTS 48 (18.8%) 39 (22.3%) 
L. D. MIGRANTS 62 (24.3%) 46 (26.3%) 
TOTAL 255 (100.0) 175 (100.0) 
* Proportions did not differ from expected on basis of western 
Mexico (p >.05), either with migrants classified as a single group 
(G =1.03, df«l, p=0.31), or partial migrants considered as 
residents (G=0.21, df=l, p=0.64). 
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migrant species belong to the families Falconidae (1), 
Columbidae (2), Trochilidae (5), Picidae (1), Alaudidae (1)/ 
Troglodytidae (1), Muscicapidae (5), Mimidae (1), 
Bombycillidae (1), Laniidae (1), Vireonidae (3), and the 
subfamilies Thraupinae (3) and Carduelinae (1) (Appendix 3). 
Most of the long-distance migrants breed at least in 
part in the western portion of North America. However, a 
few species breed primarily in the central or eastern 
portions of the United States. This group of eastern 
migrants are Ruby-throated Hummingbird, Scissor-tailed 
Flycatcher, Indigo Bunting, Painted Bunting, and Dickcissel. 
With respect to the distribution of species across two 
elevation zones (lowlands and highlands), 68 (38.9%) species 
occurred in both elevational zones, although their 
abundances generally differed between elevation zones. Of 
interest is the fact that of the 68 species, 37% are long­
distance migrants and 28% are partial migrants (65% migrants 
in total). On the other hand, 107 species were restricted 
to either the lowlands or to the highlands (44 and 63, 
respectively). Most of the restricted species (62%) are 
residents; migrants as a group represented only 38% (17% 
partial migrants, 21% long-distance migrants). A test of 
whether the species recorded in border strips were 
restricted or distributed broadly according to their 
migratory status showed that, on average, migrants tend to 
have a broader' elevational distribution than resident 
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species (Table 6). At the same time, residents tend to be 
more restricted to one of the two zones; only a small number 
(24 species, 26.7%) could be considered widespread species. 
These data give the idea that, in general, migrants have 
less strict habitat requirements than residents do in the 
wintering grounds. 
Among the 25 species with the highest detection rates 
(the more frequently recorded species) in lowlands and 
highlands, 11 of the lowland and 18 of the highland species 
are migrants (Table 7). Some of them, such as the Blue-gray 
Gnatcatcher, Lark Sparrow, Stripe-headed Sparrow, Yellow-
rumped Warbler, Orange-crowned Warbler, Nashville Warbler, 
Blue Grosbeak and MacGillivray's Warbler are widespread 
species that occur in both elevation zones and are among the 
most common species in border strips. Moreover, all except 
the Stripe-headed Sparrow and Blue Grosbeak are long 
distance-migrants. 
Species with mean detection rates lower than 0.03 
individuals per count were numerous, comprising 38.1% (43) 
of the lowland species, and 46.2% (61) of the highland 
species. 
Of 17,330 individuals detected, the mean number of 
individuals per count was practically the same for lowlands 
and highlands (21.5 individuals per count overall) (Table 
8). Of the total, 9921 (57.2%) individuals were migrants 
and 7409 (42.8%) were residents. Based on the mean 
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TABLE 6, Number and percentages of species distributed broadly across 
two elevational zones or restricted either to lowland or highland zones, 
according to their migratory status. 
DISTRIBUTION 
STATUS Broad Percent* Restricted Percent* 
RESIDENTS 24 35.3 66 61.7 
MIGRANTS 44 64.7 41 38.3 
PARTIAL MIGRANTS 19 27. 9 18 16. 8 
LONG-DISTANCE MIGRANTS 25 36. 8 23 21. 5 
TOTAL 68 100.0 107 100.0 
*=Propor£ions differ significantly either with migrants classified as a 
group (G =11.72, df=l, p=0.0006), or with partial migrants considered as 
residents (G=4.80, df=l, p=0.029). 
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TABLE 7. Mean number of individuals detected per point (X 100) for the 
2 5 species with the highest means in lowland and highland border strips. 
LOWLANDS HIGHLANDS 
SPECIES Mean SPECIES Mean 
Blue-Gray Gnatcatcher ** 1. 66 Chipping Sparrow ** 3. 54 
Lark Sparrow ** 1. 33 House Finch 1. 75 
Stripe-headed Sparrow 1. 22 Yellow-rumped Warbler ** 1. 64 
Groove-billed Ani 1. 08 Lark Sparrow ** 1. 55 
Blue-black Grassquit 1. 06 Canyon Towhee 1. 06 
Common Ground-Dove 0. 83 Lesser Goldfinch 0. 79 
Yellow-winged Cacique 0. 74 Blue-gray Gnatcatcher ** 
Lincoln's Sparrow ** 
0. 71 
Brown-headed Cowbird * 0. 72 0. 61 
Great-tailes Grackle 0. 69 Inca Dove 0. 49 
Greeat Kiskadee 0. 66 House Wren ** 0. 44 
Steak-backed Oriole 0. 65 Vermilion Flycatcher * 0. 43 
Nashville Warbler ** 0. 61 Cassin's Kingbird * 0. 42 
Social Flycatcher 0. 60 Bushtit 0. 41 
Tropical Kingbird * 0. 58 American Robin * 0. 35 
Blue Grosbeak * 0. 54 Wilson's Warbler ** 0. 33 
Yellow-rumped Warbler ** 0. 51 Orange-Crowned Warbler ** 0. 33 
Inca Dove 0. 49 Ruby-crowned Kinglet ** 0. 31 
Golden-cheecked Woodpeker 0. 48 Blue Grosbeak * 0. 30 
White-collared Seedeater 0. 46 Savannah Sparrow ** 0. 26 
Yellow Warbler * 0. 45 Stripe-headed Sparrow 0. 23 
Painted Bunting ** 0. 38 Nashville Warbler ** 0. 23 
Lesser Goldfinch 0. 30 Black-headed Grosbeak * 0. 22 
Rudy-Ground Dove 0. 29 Northern Oriole * 0. 22 
MacGillivray1s Warbler ** 0. 28 Blue Mockingbird 0. 21 
Orange-crowned Warbler ** 0. 22 Mourning Dove * 0. 19 
** = Long-distance Migrant, * = Partial Migrant. 
TABLE 8. Number of resident and migrant individuals and mean number detected per count in 
agricultural border strips. 
LOWLANDS 
(N= 413) 
HIGHLANDS 
(N= 395) 
INDIV. PERCENT MEAN MEAN PROP . 
4798 54.1 11.6 0.5392 
INDIV. PERCENT MEAN MEAN PROP 
2611 30.9 6.6 0.3238 
SIG. 
RESIDENTS 0.000 
PARTIAL MIGRANTS 1445 16.3 3.5 0.1571 1304 15.4 3.3 0.1749 0.889 
LONG-DISTANCE MIGRANTS 2631 29.6 6.4 0.3037 4541 53.7 11.5 0.5013 0.000 
TOTAL 8874 100.0 21.5 8456 100.0 21.4 
a= The "arc-sin transformation" was performed on the proportions of each migratory status group for 
each point count. Significance calculated by Weighted Least Squares, with number of individiuals per 
point as the weighting variable. 
b =Mean proportion of number of individuals per migratory status group in individual counts. 
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proportion of individuals in each migratory status group per 
count, there were significant differences in the proportions 
of residents (mean=0.5392 in lowlands, 0.3238 in highlands; 
Fi 8o6=231 .74, P=0.00) and long-distance migrants (mean=0.3037 
in lowlands, 0.5013 in highlands; Fx 806=239 .26, P=0.00) 
between lowlands and highlands. Partial migrants did not 
show significant differences (Ft 806 = 0 . 0 1 9 , P=0.89) between 
the two elevational zones. 
In order to determine if this case is peculiar to 
border strips, or a more general elevational phenomenon, I 
conducted a similar analysis with data from counts gathered 
in the undisturbed highland and lowland forests of western 
Mexico. In undisturbed forest, the proportions of long­
distance migrants (Fx 1077=16 . 75 , P=0.00), partial migrants 
(F: 1077= 79 . 35, P-0.00), and residents (Fx 1077=165 . 03, P=0.00) 
are also significantly different (Table 9), although the F 
values are considerably lower than those calculated with 
border strip data. Either way, the trend is for the 
proportion of migrants to be greater in highlands. 
When considering guild groups, it is conspicuous that 
resident species account for almost all of the frugivorous 
(88%), and more than half of the granivorous (51%), 
omnivorous (64%), shrub insectivorous (60%)/ and 
nectarivorous species (58%). Migrants, on the other hand, 
make up most of the aerial insectivores (80%), canopy 
insectivores (73%), and the only ground insectivore species 
TABLE 9. Number of resident and migrant individuals and mean number detected per count in lowland 
(tropical deciduous) forest and highland (pine-oak) forests of western Mexico. 
LOWLAND FORESTS HIGHLAND FORESTS 
(N= 489) (N= 592) SIG.a 
INDIV. PERCENT MEAN MEAN PROPb. INDIV. PERCENT MEAN MEAN PROPb. 
RESIDENTS 3711 57.3 7.6 0. 5632 2914 45.7 4.9 0.4354 0.000 
PARTIAL MIGRANTS 1182 18.2 2.4 0. 1982 1651 25.9 2.8 0.2787 0.000 
LONG-DISTANCE MIGRANTS 1584 24.5 3.2 0. 2386 1816 28.4 3.1 0.2859 0.000 
TOTAL 6477 100.0 13.2 6381 100.0 10.8 
a= The "arc-sin transformation" was performed on the proportions of each migratory status group for 
each point count. Significance calculated by Weighted Least Squares, with number of individiuals per 
point as the weighting variable. 
b -Mean proportion of number of individuals per migratory status group in individual counts. 
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recorded; only 2 of 6 trunk insectivore species were 
migrants (Table 10). 
If we consider individuals, resident individuals make 
up 93% of the trunk insectivores, 85% of the frugivores, and 
72% of the omnivores. On the other hand, migrant 
individuals constitute 98% of the canopy insectivores, 71% 
of the shrub insectivores, and 66% of the aerial 
insectivores. Moreover, they include 53% of the 
nectarivores, and 53% of granivores. In general, migrants 
account for 80% of all the insectivorous individuals 
recorded, while 49% of all migrant individuals are 
insectivores. Regarding the granivorous species, the number 
of individuals supported by the ecosystem also increases in 
winter, when the ratio of resident to migrant individuals is 
1 to 1.13 individuals. In contrast, data suggest that 
migrants do not rely primarily on fruits; only 15% of the 
individuals, and 0.4% of all migrants recorded belonged to 
this guild. The same general pattern was found for both 
lowlands and highlands (Tables 11 and 12). The only guild 
group that differs in both elevational zones are the 
granivorous species. They include a good number of long­
distance migrants which are grassland specialists on their 
breeding grounds. Some of them establish sizable 
monospecific flocks during winter (e.g. Lark Sparrow, and 
Chipping Sparrow), so they have high densities in the 
highlands, even though they were not recorded frequently. 
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TABLE 10. Number of species and individuals belonging to each of nine 
guild groups in border strips of western Mexico. 
GUILDS® RESIDENT PARTIAL MIGRANT LONG--DISTANCE MIGR. 
Individ.c 
Speciesb Individ.c Speciesb Individ. 
c - b 
Species 
A I 4 553 11 933 5 122 
T I 4 232 0 0 2 17 
C I 7 53 7 227 12 2693 
S I 9 357 2 69 4 787 
G I 0 0 0 0 1 4 
Fr 14 357 0 0 2 65 
Gr 22 3598 7 700 14 3369 
Om 23 2129 8 744 5 65 
Ne 7 110 2 76 3 50 
TOTAL 90 7409 37 2749 48 7172 
a= FR=Frugivorous, GR=Granivorous, NE=Nectarivorous, OM=Omnivorous, 
AI=Aerial Insectivore, SI=Shrub Insectivore, CI=Canopy 
Insectivore, GI=Ground Insectivore, TI=Trunk Insectivore. 
b= Number of species does not differ significantly among guilds 
(p<0.05) when partial migrants are considered as residents 
(G =13.37, df=8, p=0.10)? however, it does differ when they are 
considered as migrants (G =29.29, df=8, p=0.0003). 
c= Number of individuals differs significantly among guilds (p<0.05) 
either when partial migrants are considered as residents 
(G =7338.6, df=8, p=0.000), or when they are considered as 
migrants (G= 4710.1, df=8, p=0.000). 
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TABLE 11. Number of species and individuals in nine guild groups in 
lowland border strips of western Mexico. 
GUILDS3 RESIDENT PARTIAL MIGRANT LONG-DISTANCE MIGR. 
Speciesb Individ.0 
b 
Species Individ.0 
b 
Species Individ.0 
A I 2 521 9 491 4 55 
T I 2 210 0 0 1 12 
C I 2 15 3 189 11 1441 
S I 5 123 2 52 4 287 
G I 0 0 0 0 1 1 
Fr 9 186 0 0 0 0 
Gr 16 2181 6 333 8 814 
Om 14 1512 6 380 2 18 
Ne 4 50 0 0 2 3 
TOTAL 54 4798 26 1445 33 2631 
a= FR=Frugivorous, GR=Granivorous, NE=Nectarivorous, OM=Omnivorous, 
AI=Aerial Insectivore, SI=Shrub Insectivore, CI=Canopy 
Insectivore, GI=Ground Insectivore, TI=Trunk Insectivore. 
b= Number of species differs significantly among guilds (p<0.05) 
either when partial migrants are considered as residents 
(G =23.15, 4f=B, p=0.001), and also when they are considered as 
migrants (G =35.68, df=8, p<0.001). 
c= Number of individuals differs significantly among guilds (p<0.05) 
either when partial migrants are considered as residents 
(G =3164.9, df=8, p=0.000), or when they are considered as 
migrants (G =3699.9, df=8, p=0.000). 
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TABLE 12. Number of species and individuals in nine guild groups in 
highland border strips of western Mexico. 
GUILDS3 RESIDENT PARTIAL MIGRANT LONG-DISTANCE MIGR. 
Speciesb Individ.0 Species b Individ.0 Speciesb Individ.0 
A I 4 32 8 442 6 67 
T I 3 22 0 0 2 5 
C I 5 38 6 38 9 1252 
S I 5 234 2 17 4 500 
G I 0 0 0 0 1 3 
Fr 7 191 0 0 2 65 
Gr 16 1417 7 367 14 2555 
Om 16 617 9 364 2 47 
Ne 5 60 2 76 1 47 
TOTAL 61 2611 34 1304 37 4541 
a= FR=Frugivorous, GR=Granivorous, NE=Nectarivorous, OM=Omnivorous, 
AI=Aerial Insectivore, SI=Shrub Insectivore, CI=Canopy 
Insectivore, GI=Ground Insectivore, TI=Trunk Insectivore. 
b= Number of species differs significantly among guilds (p<0.05) 
either when partial migrants are considered as residents 
(G =17.55, df-8, p=0.025), and also when they are considered as 
migrants (G =21.21, df=8, p=0.007). 
c= Number of individuals differs significantly among guilds (p<0.05) 
either when partial migrants are considered as residents 
(G =2945.3, df=8, p=0.000), or when they are considered as 
migrants (G =1520.6, df=8, p=0.000). 
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4.2. Do the bird communities of undisturbed forests, border 
strips, and agricultural fields differ significantly? 
A total of 248 species was detected in all three 
habitats (forests, border strips, and agricultural fields) 
in western Mexico (Hutto, unpublished data). In the 
lowlands, there were 78 (54.9%) residents, 25 (17.6%) 
partial migrants, and 39 (27.5%) long-distance migrants. In 
the highlands, we recorded 101 (52.6%) residents, 43 (22.4%) 
partial migrants, and 48 (25.0%) long-distance migrants. 
In terms of species richness, undisturbed habitats were 
the richest, followed by border strips, and then 
agricultural fields (Table 13). This is due in part, to the 
number of resident species restricted to lowland forest (24 
species) or highland forest (38 species). Migrant species 
also contributed to some extent to make this difference. 
Those migrant species restricted to either lowland or 
highland forests numbered 3 and 16, respectively (Tables 14 
and 15). 
In lowlands, species occurring in at least two habitats 
("generalists") constituted 57.7% (45) of the resident 
species, and 85.9% (55) of the migrant species. In the 
highlands, 56.4% (57) of the resident species, and 69.2% 
(63) of the migrant species were "generalists". 
Overall, there was a mean of 8.27 species per count and 
13.76 individuals per count across the three different 
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TABLE 13. Number of species in each status group present in a sample of 
2269 counts gathered in undisturbed forest (F), border strips (B), and 
agricultural fields (A) in western Mexico. 
Migratory Status Lowlands Highlands 
F B A F B A 
(504) (413) (186) (542) (395) (229) 
Residents 68 52 37 79 62 40 
Partial Migrants 19 24 21 32 34 21 
Long-distance Migrants 26 34 28 32 36 29 
Total per habitat TT5 no 86 143 132 90 
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TABLE 14, Number of species present in the sample of lowland tropical 
undisturbed forest (F), lowland border strips (B), and lowland 
agricultural fields (A) broken down by migratory status. 
HABITAT RESIDENTS PARTIAL MIGRANTS LONG-D. MIGRANTS TOTAL 
Only in F 24 0 3 27 
Only in B 8 2 3 13 
Only in A 1 0 1 2 
In F and B 9 2 5 16 
In B and A 1 4 9 14 
In F and A 1 1 1 3 
In F-B-A 34 16 17 67 
TOTALS 78 22 39 142 
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TABLE 15. Number of species present in the sample of highland 
undisturbed forest (F), highland border strips (B), and highland 
agricultural fields (A) broken down by migratory status. 
HABITAT RESIDENTS PARTIAL MIGRANT LONG-D. MIGRANTS TOTAL 
Only in F 38 7 9 54 
Only in B 6 4 3 13 
Only in A 0 2 2 4 
In F and B 17 11 7 35 
In B and A 15 5 11 31 
In F and A 1 0 1 2 
In F-B-A 24 14 15 53 
TOTALS IOT 43 48 192 
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habitats (Table 16). The mean number of species per count 
was significantly higher in the lowlands than in the 
highlands (oneway ANOVA, Fl 2267=71 . 7 , P=0.00), although the 
mean number of individuals per count was significantly 
higher in highlands (Fx 2267=19 . 9 , P=0.00) (Tables 17 and 18). 
Lowlands support a significantly higher number of resident 
species (Fx 2257=426 . 2 , P=.000) and individuals (Fx 2267= 3 1 3 . 9 , 
P=.000) per count than highlands, where the means were 58% 
and 49% of the lowland means, respectively. The situation 
is opposite for migrants, which had significantly greater 
number of species (Fx 2267=25 . 6, P=0.00) and individuals 
(Fi 2267= 42 . 8 , P=.000) in highlands, with 28% more species and 
18% more individuals per count than lowlands. 
There were also significant differences in the mean 
numbers of species and individuals per count among the three 
habitat categories, overall and for lowlands and highlands 
separately (Tables 16-18). With respect to the mean number 
of individuals per count, in all the cases, border strips 
had the highest values. Overall, the number of individuals 
recorded in undisturbed forest and agricultural fields were 
59% and 47% of those recorded in border strips. For 
resident and migrant individuals, undisturbed forest had 73% 
and 52%, and agricultural fields had 36% and 48% of the 
numbers detected in border strips, respectively. In some 
cases, the contrasts between undisturbed forest and 
agricultural fields did not show significant differences in 
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TABLE 16. Mean number of species and individuals per count in 
undisturbed forest, border strips, and agricultural fields. Significance 
determined from Oneway ANOVA. 
MEANS Forest Border Agric. Total Siga. F-ratio 
(1046) (808) (415) (2269) 
Total species 
Constrastsb 
Total individuals 
Constrasts 
Resident species 
Constrasts 
8.67 
11.69 
4.30 
9.38 5.17 8.27 
F-B= .000 B-A= .000 
19.71 9.36 13.76 
F-B= .000 B-A= .000 
3.81 2.14 3.73 
F-B= .000 B-A= .000 
.0000 208.38 
F-A= .000 
.0000 255.69 
F-A= .000 
.0000 122.28 
F-A= .000 
Resident individuals 
5.57 
Constrasts 
Migratory species 
Constrasts 
4.50 
7.62 2.72 5.62 
F-B= .000 B-A= .000 
5.57 3.04 4.61 
F-B= .000 B-A= .000 
.0000 137.47 
F-A= .000 
.0000 158.04 
F-A= .000 
Migratory individuals 
5.52 
Constrasts 
10.63 5.15 7.02 
F-B= .000 B-A= .000 
.0000 188.79 
F-A= .198 
a= Oneway ANOVA analysis using the square root of the number of 
indiviuals per point. 
b= For contrasts, the separate variance estimate was used. 
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TABLE 17, Mean number of species and individuals per count in lowland 
tropical undisturbed forest, lowland border strips, and lowland 
agricultural fields. Significance determined from Oneway ANOVA. 
MEANS Forest Border Agric. Total Siga. F-ratio 
(504) (413) (186) (1103) 
Total species 
9.50 o 
Constrasts 
Total individuals 
13.18 
Constrasts 
Resident species 
5.37 
Constrasts 
Resident individuals 
7.40 
Constrasts 
Migratory species 
4.39 
Constrasts 
Migratory individuals 
5.52 
Constrasts 
F-
9.68 
B= .428 
F-
19.45 
B= .000 
F-
4.77 
B= .000 
F-
10.11 
B= .000 
F-
4.92 
B= .000 
F-
8.29 
B= .000 
6.03 8.97 .0000 86.08 
B-A= .000 F-A= .000 
9.99 14.67 .0000 97.76 
B-A= .000 F-A= .000 
3.13 4.78 .0000 
B-A= .000 F-A= .000 
58.55 
4.97 7.84 .0000 53.39 
B-A= .000 F-A= .000 
2.91 4.33 .0000 52.72 
B-A= .000 F-A= .000 
4.08 6.50 .0000 62.48 
B-A= .000 F-A= .000 
a= Oneway ANOVA analysis using the square root of the number of 
indiviuals per point. 
b= For contrasts, the separate variance estimate was used. 
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TABLE 18. Mean number of species and individuals per count in highland 
undisturbed forest, highland border strips, and highland agricultural 
fields. Significance determined from Oneway ANOVA. 
MEANS Forest 
(542) 
Border 
(395) 
Agric. 
(229) 
Total 
(1166) 
Siga. F-ratio 
Total species 
7.90 
Constrasts F-
9.08 
-B= .000 
4.48 
B-A= . 000 
7.63 
F--A= 
.0000 
.000 
127.25 
Total individuals 
10.43 
Constrasts F-
19.89 
-B= .000 
8.82 
B-A= . 000 
12.89 
F--A-
.0000 
.012 
162.92 
Resident species 
3.30 
Constrasts F-
2.86 
-B= .001 
1.34 
B-A= . 000 
2.76 
F--A= 
.0000 
.000 
84.64 
Resident individuals 
4.12 
Constrasts F-
5.48 
-B= .000 
1.39 
B-A= . 000 
3.88 
F--A= 
.0000 
.000 
93.07 
Migratory species 
4.60 
Constrasts F-
6.22 
-B= .000 
3.14 
B-A= . 000 
4.86 
F--A= 
.0000 
.000 
110.80 
Migratory individuals 
5.52 
Constrasts F-
13.17 
-B= .000 
6.05 
B-A= . 000 
7.90 
F--A= 
.0000 
.270 
151.36 
a= Oneway ANOVA analysis using the square root of the number of 
indiviuals per point. 
b= For contrasts, the separate variance estimate was used. 
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the mean number of individuals, although the species 
involved in both habitats were different (Tables 16-18). 
When considering the entire avian community within the 
three habitats, the most similar were the border strips and 
the agricultural fields, having Correlation Ratio values of 
0.7 0 and 0.88 for lowlands and highlands, respectively 
(Tables 19 and 20). The values reveal that the most 
dissimilar habitats are the undisturbed forest and 
agricultural fields. In this sense, border strips could be 
considered an intermediate situation between forests and 
agricultural fields. If we take into account the resident 
species, we find a similar pattern. However, if only 
migrant species are used in the analysis, the pattern is 
different; all the comparisons show a relatively high 
similarity between the habitats, with Correlation Ratios 
ranging from 0.57 to 0.89. 
Using the Niche Breadth Ratio (N.B.R.) as a guide, 
species were arranged into groups of "specialists" or 
"generalists" (Tables 21 and 22). Thirty-nine percent (56) 
of the lowland species and 52% (99) of the highland species 
were classified as specialists, having N.B.R. values lower 
than 1.31, and being restricted for the most part to one of 
the habitats sampled. The rest of the species fell into one 
of the various generalist categories. 
Unfortunately, substantial number of the species were 
classified as specialists because of their very low number 
TABLE 19. Correlation Ratio Matrix based on numbers given in Table 14 
for the three lowland habitats in western Mexico. 
Tropical Forest Border Strip Agriculture 
a) Entire community 
Tropical Forest 1.0 .6524 .7016 
Border Strip 1.0 .6463 
Agriculture 1.0 
b) Resident species 
Tropical Forest 1.0 .5411 .5767 
Border Strip 1.0 .7913 
Agriculture 1.0 
c) Migrant species 
Tropical Forest 1.0 .8269 .8954 
Border Strip 1.0 .8828 
Agriculture 1.0 
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TABLE 20. Correlation Ratio Matrix based on numbers given in Table 15 
for the three highland habitats in western Mexico. 
Tropical Forest Border Strip Agriculture 
a) Entire community 
Tropical Forest 
Border Strip 
Agriculture 
1 . 0  .5340 
1 . 0  
.4704 
.8866 
1 . 0  
b) Resident species 
Tropical Forest 
Border Strip 
Agriculture 
1 . 0  • 4527 
1 . 0  
.3968 
.8667 
1.0 
c) Migrant species 
Tropical Forest 
Border Strip 
Agriculture 
1.0 • 6493 
1 . 0  
.5754 
.7947 
1 . 0  
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TABLE 21. Number of individuals (N); percentage of detections in 
lowland tropical deciduous forest (T.F.), lowland border strips (L.B.), 
and lowland agriculture (L.A.); and niche breadth index of each of the 
species included in a sample of 1103 counts of lowland locations within 
western Mexico. 
SPECIES 
HABITAT TYPE 
N T.F. L.B. L.A. 
(504) (413) (186) 
NICHE BREADTH 
INDEX 
1. FOREST SPECIALISTS 
l.A. LONG DISTANCE MIGRANTS 
Black-chinned Hummingbird 
Swainson's Thrush 
Virginia's Warbler 
Ovenbird 
l.B. PARTIAL MIGRANTS 
Dusky-capped Flycatcher 
Brown-crested Flycatcher 
Solitary Vireo 
1.C. RESIDENTS 
Western Mexican Chachalaca 
Orange-fronted Parakeet 
Liliac-crowned Parrot 
Lesser-ground Cuckoo 
Fork-tailed Emerald 
Plain-capped Starthroat 
Citreoline Trogon 
Pale-billed Woodpecker 
Ivory-billed Woodcreeper 
Bright-rumped Attila 
Nutting's Flycatcher 
Flamulated Flycatcher 
Gray-collared Becard 
Masked Tityra 
Rufous-naped Wren 
Spoted Wren 
Canyon Wren 
White-bellied Wren 
Black-capped Gnatcatcher 
White-lored Gnatcatcher 
Brown-backed Solitaire 
Swainson's Thrush 
White-throated Robin 
Gray-silky Flycatcher 
Black-capped Vireo 
Tropical Parula 
Fan-tailed Warbler 
Red-breasted Chat 
Red-crowned Ant-Tanager 
Rosy Thrush-Tanager 
Black-chested Sparrow 
2. BORDER SPECIALISTS 
2.A. LONG DISTANCE MIGRANTS 
Scissor-tailed Flycatcher 
Northern Waterthrush 
Grasshopper Sparrow 
11 
4 
10 
1 
395 
54 
313 
2 
62 
5 
73 
112 
77 
60 
6 
2 
1 
44 
2 
1 
3 
116 
15 
8 
1 
9 
48 
9 
1 
233 
1 
12 
1-
1 
48 
2 
1 
4 
89 
100 
100 
100 
11 
359 91 4 
145 95 3 
26 90 10 
96 
91 
100 
100 
96 
100 
98 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
93 
100 
100 
100 
100 
100 
100 
100 
91 
100 
100 
100 
100 
97 
100 
100 
100 
1.25 
1 . 0 0  
1 . 0 0  
1 . 0 0  
1.21 
1.09 
1.21 
1.09 
1.20 
1 . 00  
1 .00  
1.09 
1 . 0 0  
1.04 
1.00 
1.00 
1 . 0 0  
1 .00  
1 .00  
1.00  
1 .00  
1 .00  
1.00 
1.00 
1.14 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.19 
1 .00  
1.00 
1 .00  
1 .00  
1.05 
1.00 
1.00 
1.00 
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TABLE 21. Continued. 
HABITAT TYPE 
SPECIES T.F. 
(504) 
L.B. 
(413) 
L.A. 
(186) 
NICHE BREADTH 
INDEX 
2.B. PARTIAL MIGRANTS 
Red-winged Blackbird 
Song Sparrow 
100 
100 
1 .00  
1.00 
2.C. RESIDENTS 
Rock Dove 
Blue-rumped Parrotlet 
White-fronted Parrot 
Russet-crowned Motmot 
Olive Sparrow 
Green-tailed Towhee 
Bronzed Cowbird 
Spot-breasted Oriole 
5 
5 
1 
1 
1 
1 
10 
4 
100 
100 
100 
100 
100 
100 
100 
100 
1 .00  
1 .00  
1 .00  
1 .00  
1 .00  
1 .00  
1 .00  
1 .00  
3. AGRICULTURE SPECIALISTS 
3.A. LONG DISTANCE MIGRANTS 
Dickssisel 
Chipping Sparrow 
Savannah Sparrow 
6 
19 
2 
9 
3 
91 
95 
100 
1.19 
1.10 
1.00 
3.B. PARTIAL MIGRANTS 
None 
3.B. RESIDENTS 
Yellow-headed Parrot 100 1 .00  
4. FOREST-BORDER GENERALISTS 
4.A. LONG DISTANCE MIGRANTS 
Ruby-throated Hummingbird 
Least Flycatcher 
Western Flycatcher 
Banded Wren 
House Wren 
Nashville Warbler 
Western Tanager 
5 
12 
178 
2 
36 
557 
77 
54 
52 
80 
44 
28 
61 
22 
46 
48 
13 
56 
72 
31 
64 
8 
14 
1.99 
2 .00  
1.50 
1.97 
1 .68  
2 .10  
2.08 
4.B. PARTIAL MIGRANTS 
Northern-beardless Tyrannulet 223 73 21 6 1.  71 
Black-headed Grosbeak 13 33 67 — 1.  79 
Varied Bunting 104 64 27 9 2. 05 
4.C. RESIDENTS 
White-tipped Dove 410 81 8 11 1.48 
Squirrel Cuckoo 19 75 25 — 1.61 
Broad-billed Hummingbird 68 62 24 14 2.16 
Cinnamon Hummingbird 117 67 17 16 1.99 
Ladder-backed Woodpecker 37 74 26 — 1.62 
Magpie Jay 27 67 16 17 2.00 
Blue Mockingbird 16 77 23 — 1.54 
Golden Vireo 16 77 23 — 1.54 
Scrub Euphonia 82 85 15 — 1.34 
Orange-breasted Bunting 120 60 23 17 2.25 
5. BORDER-AGRICULTURE GENERALISTS 
5.A. LONG DISTANCE MIGRANTS 
American Kestrel 56 3 60 37 2.03 
Willow Flycatcher 3 — 49 51 2.00 
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TABLE 21. Continued. 
HABITAT TYPE NICHE BREAD1: 
SPECIES N T.F. L.B. L.A. INDEX 
(504) (413) (186) 
Western Kingbird 4 59 41 1.94 
Bell's Vireo 44 16 61 23 2.21 
Orange-crowned Warbler 89 4 61 35 2.00 
Lucy's Warbler 46 2 64 34 1.88 
Yellow-rumped Warbler 228 6 31 63 2.03 
MacGillivray1s Warbler 110 6 76 18 1.62 
Lazuli Bunting 7 — 26 74 1.63 
Indigo Bunting 3 — 49 51 2.00 
Painted Bunting 69 4 41 45 2.15 
Lark Sparrow 131 — 24 76 1.58 
Lincoln's Sparrow 37 — 53 47 1.99 
Eastern Meadowlark 17 — 53 47 1.99 
Hooded Oriole 4 — 59 41 1.94 
5.B. PARTIAL MIGRANTS 
Vermilion Flycatcher 54 — 79 21 1.49 
Tropical Kingbird 208 9 61 29 2.14 
Loggerhead Shrike 8 — 44 56 1-..97 
Yellow Warbler 220 1 37 62 1.90 
Common Yellowthroat 13 5 56 39 2.13 
Yellow-breasted Chat 43 2 72 26 1.58 
Blue Grosbeak 115 1 66 33 1.83 
Brown-headed Cowbird 15 — 75 25 1.60 
Orchard Oriole 23 — 57 43 1.96 
Northern Oriole 17 28 59 13 2.23 
5.C. RESIDENTS 
Ruddy Ground-Dove 136 13 29 58 2.29 
Groove-billed Ani 192 2 34 64 1.88 
Greater Kiskadee 260 4 43 53 2.12 
Social Flycatcher 137 1 73 26 1.66 
Common Raven 6 9 22 69 1.86 
Gray-crowned Yellowthroat 15 5 82 13 1.45 
Grayish Saltator 44 11 77 22 1.98 
Blue-black Grassquit 197 2 37 61 1.96 
White-collared Seedeater 81 1 33 66 1.85 
Great-tailed Grackle 93 1 37 62 1.90 
Black-vented Oriole 57 3 28 69 * . 1.79 
House Sparrow 10 — 17 83 1.39 
6. FOREST-AGRICULTURE GENERALISTS 
6.A. LONG DISTANCE MIGRANTS 
Black-throated Gray Warbler 72 33 9 58 2.03 
American Redstart 9 42 — 58 1.96 
Summer Tanager 65 75 10 15 1.69 
6.B. PARTIAL MIGRANTS 
Red-billed Pigeon 5 20 — 80 1.47 
Mourning Dove 36 20 11 69 1.90 
Ash-throated Flycatcher 433 65 11 24 2.05 
Rose-throated Becard 16 78 7 15 1.58 
6.B. RESIDENTS 
San Bias Jay 243 36 9 55 2.25 
60 
TABLE 21. Continued. 
HABITAT TYPE NICHE BREADTH 
SPECIES N T.F. L.B. L.A. INDEX 
(504) (413) (186) 
7. BROAD GENERALISTS 
7.A. LONG DISTANCE MIGRANTS 
Blue-gray Gnatcatcher 1123 46 24 30 2 .77 
Warbling Vireo 151 48 44 8 2 .31 
Black-and-white Warbler 62 54 18 28 2 .47 
Wilson's Warbler 171 52 23 25 2 .58 
7.B. PARTIAL MIGRANTS 
White-winged Dove 97 51 17 32 2.56 
Thick-billed Kingbird 134 31 41 28 2.92 
Northern Mockingbird 34 9 50 40 2.36 
7.C. RESIDENTS 
Banded Quail 22 25 22 53 2.54 
Inca Dove 196 19 37 44 2.73 
Common Ground-Dove 249 10 35 54 2.32 
Violet-crowned Hummingbird 16 40 23 37 2.86 
Golden-cheeked Woodpecker 546 38 24 38 2.88 
Sinaloa Wren 107 42 40 18 2.72 
Happy Wren 126 41 43 16 2.63 
Rufous-backed Robin 110 30 30 40 2.94 
Yellow Grosbeak 18 56 11 34 2.32 
Blue Bunting 190 42 14 44 2.57 
Stripe-headed Sparrow 202 7 46 47 2.31 
Streak-backed Oriole 363 25 53 32 2.86 
Yellow-winged Cacique 596 43 16 41 2.64 
House Finch 18 14 40 46 2.54 
Lesser Goldfinch 93 14 33 53 2.43 
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TABLE 22. Number of individuals (N); percentage of detections in 
highland forest (H.F.), highland border strips (H.B.), and highland 
agriculture (H.A.); and niche breadth index for each of the species 
included in a sample of 1166 counts in highlands within western Mexico. 
HABITAT TYPE NICHE BREADTH 
SPECIES N H.F. H.B. H.A. INDEX 
(542) (395) (229) 
1. FOREST SPECIALISTS 
l.A. LONG DISTANCE MIGRANTS 
Ruby-throated Hummingbird 5 100 — — 1.00 
Black-chinned Hummingbird 1 100 — — 1.00 
Calliope Hummingbird 2 100 — — 1.00 
Broad-tailed Hummingbird 10 100 — — 1.00 
Red-naped Sapsucker 12 89 11 — 1.25 
Olive-sided Flycatcher 1 100 — — 1.00 
Hammond's Flycatcher 9 100 — — 1.00 
Hermit Thrush 17 98 8 — 1.17 
Virginia's Warbler 1 100 — — 1.00 
Hermit Warbler 81 100 — — 1.00 
Black-throated Green Warbler 1 100 — — 1.00 
Black-and-white Warbler 40 87 13 — 1.29 
l.B. PARTIAL MIGRANTS 
White-winged Dove 102 95 5 — 1.11 
Blue-throated Hummingbird 12 100 — — 1.00 
Magnificent Hummingbird 41 93 7 — 1.14 
Elegant Trogon 4 100 — — l.CC 
Rose-throated Becard 3 100 — — 1.00 
Brown Creeper 66 100 — — 1.00 
Golden-crowned Kinglet 37 100 — — 1.00 
Western Bluebird 11 100 — — 1.00 
Solitary Vireo 40 87 13 — 1.30 
Grace's Warbler 175 98 2 — 1.03 
Red-faced Warbler 60 87 13 — 1.29 
Painted Redstart 144 98 2 — 1.04 
Olive Warbler 81 100 — — 1.00 
l.C. RESIDENTS 
Crested Guan 12 100 — — 1.00 
Long-tailed Wood-Partridge 16 100 — — 1.00 
Mountain Quail 2 100 — — 1.00 
Band-tailed Pigeon 72 100 — — 1.00 
White-tipped Dove 18 95 — 5 1.09 
Military Macaw 1 100 — — 1.00 
White-fronted Parrot 4 100 — — 1.00 
Liliac-crowned Parrot 47 100 — — 1.00 
Green-violet Ear 48 100 — — 1.00 
Amethyst-throated Hummingbird 11 100 — — 1.00 
Mountain Trogon 55 100 — — 1.00 
Acorn Woodpecker 203 90 4 6 1.21 
Gila Woodpecker 1 100 — — 1.00 
Hairy Woodpecker 19 93 7 — 1.15 
Strickland's Woodpecker 70 100 — — 1.00 
Gray-crowned Woodpecker 1 100 — — 1.00 
Pale-billed Woodpecker 2 100 — — 1.00 
Olivaceous Woodcreeper 9 100 — — 1.00 
White-striped Woodcreper 100 100 — — 1.00 
Greenish Elaenia 1 100 — — 1.00 
Pileated Flycatcher 3 100 — — 1.00 
Pine Flycatcher 2 100 — — 1.00 
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TABLE 22. Cont inued. 
HABITAT TYPE NICHE BREADTH 
SPECIES N H.F. 
(542) 
H.B. 
(395) 
H.A. 
(229) 
INDEX 
Bright-rumped Attila 3 100 — 1.00 
Gray-collared Becard 2 100 — — 1.00 
Steller's Jay 55 100 — — 1.00 
Gray-breasted Jay 144 94 6 — 1.12 
Mexican Chickadee 34 100 — — 1.00 
Bridled Titmouse 47 100 — — 1.00 
White-breasted Nuthatch 73 100 — — 1.00 
Pygmy Nuthatch 24 100 — — 1.00 
Gray-barred Wren 67 100 — — 1.00 
Sinaloa Wren 1 100 — — 1.00 
Gray-breasted Wood-Wren 9 100 — — 1.00 
Brown-backed Solitaire 162 89 7 4 1.25 
Chestnut-sided Shrike-Vireo 4 100 — — 1.00 
Crescent-chested Warbler 92 93 4 3 1.15 
Red Warbler 22 100 — — 1.00 
Slate-throated Redstart 217 89 7 4 1.25 
Golden-browed Warbler 24 100 — — 1.00 
Flame-colored Tanager 13 90 10 — 1.23 
Red-headed Tanager 12 100 — — 1.00 
Rufous-capped Brush-Finch 20 93 7 — 1.14 
Green-striped Brush-Finch 17 100 — — 1.00 
Collared Towhee 38 96 4 — 1.07 
Cinnamon-bellied Flowerpiercer 17 92 8 — 1.17 
Audubon's Oriole 2 100 — — 1.00 
Red Crossbill 27 100 — — 1.00 
Black-headed Siskin 55 100 — — 1.00 
Evening Grosbeak 3 100 — — 1.00 
2. BORDER SPECIALISTS 
2.A. LONG DISTANCE MIGRANTS 
Cedar Waxwing 69 5 95 — 1.11 
Northern Waterthrush 3 — 100 — 1.00 
Indigo Bunting 1 — 100 — 1.00 
Green-tailed Towhee 1 — 100 — 1.00 
2.B. PARTIAL MIGRANTS 
Thick-billed Kingbird 1 — 100 — 1.00 
Northern Mockingbird 14 — 100 — 1.00 
Yellow Warbler 4 — 100 — 1.00 
Yellow-breasted Chat 1 — 100 — 1.00 
2.C. RESIDENTS 
Northern Bobwhite 1 — 100 — 1.00 
Groove-billed Ani 1 — 100 — 1.00 
Greater Kiskadee 1 — 100 — 1.00 
Social Flycatcher 
Bewick1s Wren 
11 — 100 — 1.00 
16 — 90 10 1.23 
Painted Bunting 2r. — 100 — 1.00 
Rusty Sparrow 6 — 100 — 1.00 
Stripe-headed Sparrow 92 — 96 4 1.08 
3. AGRICULTURE SPECIALISTS 
3.A. LONG DISTANCE MIGRANTS 
Horned Lark 54 — 3 97 1.07 
American Pipit 61 1 — 99 1.01 
Lucy1s Warbler 2 — — 100 1.00 
Yellow-headed Blackbird 10 — — 100 1.00 
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TABLE 22. Cont inued• 
HABITAT TYPE NICHE BREADTH 
SPECIES N H.F. H.B. H.A. INDEX 
(542) (395) (229) 
3.B. PARTIAL MIGRANTS 
Marsh Wren 4 — — 100 1.00 
Black-chinned Sparrow 4 — — 100 1.00 
Song Sparrow 46 — 8 92 1.17 
3.C. RESIDENTS 
Rock Dove 41 — 3 97 1.06 
Sierra Madre Sparrow 6 — 10 90 1.23 
4. FOREST-BORDER GENERALISTS 
4.A. LONG DISTANCE MIGRANTS 
Rufous Hummingbird 92 41 59 — 1.94 
Western Flycatcher 18 16 74 10 1.72 
House Wren 262 21 68 11 1.94 
Ruby-crowned Kinglet 450 65 34 1 1.87 
Warbling Vireo 97 44 50 6 2.24 
Orange-crowned Warbler 199 25 73 2 1.69 
Black-throated Grey Warbler 142 76 16 8 1.63 
Townsend1s Warbler 160 85 15 — 1.34 
Wilson's Warbler 235 29 58 13 2.28 
White-crowned Sparrow 11 24 71 — 1.71 
4.B. PARTIAL MIGRANTS 
White-eared Hummingbird 321 70 29 1 1.73 
Northern-beardless Tyrannulet 13 31 69 — 1.75 
Greater Peewee 158 68 25 7 1.87 
Buff-breasted Flycatcher 23 28 72 — 1.68 
Dusky-capped Flycatcher 73 69 20 11 1.91 
Hepatic Tanager 160 77 16 7 1.59 
Orchard Oriole 4 20 80 — 1.46 
Northern Oriole 126 20 70 10 1.84 
Scott's Oriole 18 53 47 — 1.99 
Pine Siskin 80 24 76 — 1.57 
4.C. RESIDENTS 
Squirrel Cuckoo 2 42 58 — 1.95 
Broad-billed Hummingbird 45 15 77 8 1.61 
Berylline Hummingbird 42 45 55 — 1.98 
Violet-crowned Hummingbird 4 20 80 — 1.46 
Bumblebee Hummingbird 2 42 58 — 1.95 
Northern Flicker 78 81 13 6 1.47 
Tufted Flycatcher 192 83 11 6 1.40 
Happy Wren 14 81 19 — 1.43 
Orange-billed Nightingale-Thrush 64 63 35 2 1.92 
Russet Nightingale-Thrush 12 42 58 — 1.95 
White-throated Robin 47 70 21 9 1.84 
Gray-silky Flycatcher 147 • 45 52 3 2.10 
Hutton's Vireo 71 78 16 6 * 1.57 
Rufous-capped Warbler 69 75 25 — 1.60 
Chestnut-capped Brush-Finch 10 24 76 — 1.57 
Rufous-crowned Sparrow 8 20 80 — 1.46 
Yellow-eyed Junco 67 73 21 6 1.72 
Black-vented Oriole 14 35 65 — 1.84 
Streak-backed Oriole 10 42 58 — 1.95 
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TABLE 2 2. Cont inued. 
HABITAT TYPE NICHE BREADTH 
SPECIE S N H.F. H.B. H.A. INDEX 
(542) (395) (229) 
5. BORDER-AGRICULTURE GENERALISTS 
5.A. LONG DISTANCE MIGRANTS 
American Kestrel 121 6 42 52 2.23 
Say's Phoebe 6 — 54 46 1.99 
Blue-gray Gnatcatcher 328 6 83 11 1.42 
Nashville Warbler 162 19 60 21 2.27 
Lazuli Bunting 3 — 27 73 1.65 
Chipping Sparrow 1650 2 76 23 1.58 
Clay-colored Sparrow 88 — 78 22 1.52 
Vesper Sparrow 61 — 79 21 1.49 
Lark Sparrow 753 — 72 28 1.68 
Savannah Sparrow 300 — 23 77 1.54 
Grasshopper Sparrow 131 — 36 64 1.85 
Lincoln's Sparrow 295 1 78 21 1.53 
Eastern Meadowlark 107 — 27 73 1.66 
Brewer's Blackbird 9 — 42 58 1.95 
Great-tailed Grackle 28 — 30 70 1.73 
5.B. PARTIAL MIGRANTS 
Mourning Dove 207 8 27 65 1.99 
Vermilion Flycatcher 255 — 53 47 1.99 
Cassin's Kingbird 253 3 54 43 2.10 
Loggerhead Shrike 71 — 43 57 1.96 
Common Yellowthroat 23 — 57 43 1.96 
Varied Bunting 29 10 68 22 1.91 
Brown-headed Cowbird 90 — 30 70 1.72 
5.C. RESIDENTS 
Inca Dove 244 1 71 28 1.72 
Common Ground-Dove 36 7 56 37 2.21 
Ruddy Ground-Dove 5 — 70 30 1.73 
Golden-fronted Woodpecker 12 — 54 46 1.99 
Black Phoebe 6 — 54 46 1.99 
Canyon Wren 38 8 56 36 2.24 
Curve-billed Thrasher 56 1 67 32 1.82 
Blue Bunting 28 — 24 76 1.58 
Blue Grosbeak 146 — 72 28 1.68 
Rusty-crowned Ground-Sparrow 12 — 45 55 1.98 
Canyon Towhee 539 2 68 30 . 1.79 
Blue-black Grassquit 37 — 75 25 1.60 
White-collared Seedeater 43 — 72 28 1.68 
Striped Sparrow 22 — 21 79 1.50 
Great-tailed Grackle 8 — 50 50 2.00 
House Finch 842 2 75 23 1.63 
Lesser Goldfinch 409 1 66 33 1.84 
House Sparrow 98 — 64 36 1.85 
6. FOREST-AGRICULTURE GENERALISTS 
6.A. LONG DISTANCE MIGRANTS 
None 
6.B. PARTIAL MIGRANTS 
Hooded Oriole 12 22 12 66 2.00 
6.C. RESIDENTS 
None. 
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TABLE 22. Continued. 
HABITAT TYPE NICHE BREADTH 
SPECIES N H.F. H.B. H.A. INDEX 
(542) (395) (229) 
7. BROAD GENERALISTS 
7.A. LONG DISTANCE MIGRANTS 
Yellow-rumped Warbler 1227 19 50 31 2.63 
MacGillivrayfs Warbler 118 24 55 21 2.46 
Western Tanager 31 40 42 18 2.71 
7.B. PARTIAL MIGRANTS 
Eastern Bluebird 118 19 49 32 2.64 
American Robin 246 26 57 17 2.36 
Blue Mockingbird 149 23 55 22 2.49 
Black-headed Grosbeak 144 19 58 23 2.37 
Rufous-sided Towhee 32 29 44 27 2.86 
7.C. RESIDENTS 
Ladder-backed Woodpecker 23 22 56 22 2.44 
Common Raven 49 43 28 29 2.87 
Bushtit 309 30 54 16 2.45 
Spotted Wren 92 40 38 22 2.83 
Blue-hooded Euphonia 14 42 21 37 2.81 
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of detections. Based on field experience outside of formal, 
point counts, I am confident that some of those species are 
confined to undisturbed forests, and the low number of 
records is due to their rarity. However, this could not be 
said for species classified as "Border Specialists" and 
"Agriculture Specialists". As an example, it does not make 
any sense to consider the Yellow-headed Parrot as an 
"Agriculture Specialist", or the Blue-rumped Parrotlet as a 
"Border Specialist". In these cases, the classification of 
species was an artifact of both small sample size and a 
restricted number of habitats surveyed, and they must be 
considered with reservation. 
In order to avoid such problems, I evaluated the 
distributions of only those species with at least 30 
detections. In this way, the number of species is reduced 
considerably (73 species for lowlands, and 96 species for 
highlands). In the lowlands, only 15 species (21%) fell 
into the category of "forest specialist"; no species fell in 
the categories of "border specialists" or "agriculture 
specialists" because of their low numbers; 58 species (79%) 
correspond to the "generalists' groups. In the highlands, 
35 species (36%) were specialists, with the Cedar Waxwing 
and the Stripe-headed Sparrow as "Border Specialists", and 
the Horned Lark, American Pipit, Song Sparrow, and Rock Dove 
as "Agriculture Specialists"; the rest (61 species [64%]) 
belong to one of the "generalists" groups. 
When considering the entire community of each 
elevational zone, the N.B.I, values differed significantly 
significant differences between migrants and residents in 
between migrants and residents in the lowlands (F1 140=4 .48; 
P=0.036), but not in the highlands (Flig0=3.59, P=0.060). On 
average, migrant species have a broader distribution than 
residents [in lowlands, the mean resident N.B.I.=1.56 
(n=78), and mean migrant N.B.I.=1.77 (n=64); in highlands, 
the mean resident N.B.I.=1.39 (n=101), and mean migrant 
N.B.I.=1.53 (n=94)]. However, there were no significant 
differences between the groups after eliminating species 
with fewer than 30 records ([lowlands:FX 70= 1. 77, P=0.188; 
mean resident N.B.I.=1.83, mean migrant N.B.I.=2.01] 
[highlands: F195=3.786, P=0.055; mean resident N.B.I.=1.51, 
mean migrant N.B.I.=1.72]). 
Thus, the bird fauna associated with undisturbed forest 
differs markedly from the bird associated with agricultural 
fields and border strips. Similarities in the numbers of 
species present in each one of these environments do not 
indicate that the same species are involved. 
4.3. Use of border strips by bird communities, guilds, and 
species. 
Although I did not use a random sampling method in 
selecting the border strips, the number of each kind 
probably reflects their frequency in the study area (Tables 
2 and 3). 
Border strips were highly variable in structure, even 
in the same sampling location. Of all borders, 323 were 
narrow single lines, 193 were double, narrow lines, and 259 
were categorized as broad "corridors". This last type of 
border was more common in lowlands than in highlands. 
Seventy-three percent of the sampled borders were tall, and 
only 27% were short, shrubby borders (Table 23). With 
respect to agriculture, short crops were sampled more often 
than plantations in both elevational zones (64.4% vs. 35.6% 
overall) (Table 23). Rock fences were present mainly in 
highland locations, where they were present in the 24.1% of 
the sampled borders; in lowlands they occurred in only the 
9.6% of the samples. Dead trees were scarce in both 
elevation zones, being present in only 3.9% of the lowland 
and 8.1% of the highland borders sampled (Table 23). In the 
cases when a short edge was bordering a plantation (border 
types SSP, DSP and BSP), the sample size was small; this is 
more noticeable in the highlands, where these types of 
borders were nearly absent (Figure 2). 
If we consider vegetation structure within border 
TABLE 23. Frequency and proportions of the different types of border strips. 
LOWLANDS HIGHLANDS TOTALS 
VARIABLE CATEGORIES (N=387) (N=388) (N=775) 
n Percent n Percent n Percent 
BORDER WIDTH 
Single line 142 36 .7 181 46 .6 323 41 . 7 
Double line 93 24 .0 100 25 .8 193 24 .9 
Broad line 152 39 .3 107 27 .6 259 33 .4 
Totals 387 100 .0 388 100 .0 775 100 .0 
EDGE HEIGHT 
Short edge 106 27 .4 107 27 .6 213 27 .5 
Tall edge 281 72 .6 281 72 .4 562 72 .5 
Totals 387 100 .0 388 100 .0 775 100 .0 
AGRICULTURE TYPE 
Crop 228 58 .9 271 69 .8 499 64 .4 
Plantation 159 41 . 1 117 30 .2 276 35 .6 
Totals 387 100 .0 388 100 .0 775 100 .0 
ROCK FENCE 
Absent 350 90 .4 293 75 .5 643 83 .0 
Present 37 9 .6 95 24 .5 132 17 .0 
Totals 387 100 .0 388 100 .0 775 100 .0 
DEAD TREE 
Absent 373 96 .6 381 98 .2 754 97 .3 
Present 14 3 .4 7 1 .8 21 2 .7 
Totals 387 100 .0 388 100 .0 775 100 .0 
o» 
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FIGURE 2. Number of samples per border strip type. 
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strips, we might expect to find a higher species diversity 
in tall and broad borders, because of the canopy coverage, 
(which represents shelter, perches, and roosting sites), 
plant diversity, and the amount of fruit, insect, and other 
kinds of potential food resources for birds. In fact, the 
highest number of species was found in these kinds of 
borders, while the lowest species richness observed was in 
short borders (Table 24). The mean number of species were 
significantly correlated with border strip variables such as 
WIDTH, HEIGHT, TREECOV, BUSHCOV, TREEAREA, BUSHAREA, and 
COVER, indicating that wider, taller borders with higher 
percentages of bush and tree coverage will shelter a greater 
number of species (Table 25). Nonetheless, the cumulative 
number of species recorded in each border strip type depends 
primarily on the sample size; in fact, the correlation 
between cumulative number of species and number of point 
counts in each border type was 0.854 (P<0.01). 
Unfortunately, the sample size among the different types is 
different, and, as mentioned above, some borders are scarce 
in lowlands and do not even exist in highlands. This is why 
it is better to consider the mean number of species and 
individuals as the comparative unit. Even though short 
borders limiting plantations (i.e. types DSP and BSP) did 
not reach what I considered to be a minimum acceptable 
sample size (at least 20 counts), the information was 
included. As,a result of this, their mean values have a 
TABLE 24. Mean number of species and individuals recorded in each category of border strip broken down 
by migratory status group. 
B O R D E R  S T R I P  C A T E G O R I E S  
Migratory status3 SSC SSP STC STP DSC DSP DTC DTP BSC BSP BTC BTP Mean 
* 
P 
(75) (26) (148) (73) (56) (17) (73) (45) (31) (H) (118) (102) (775) 
Resident species 2.4 4.0 3.7 4.1 2.8 5.8 3.8 4.4 3.3 4.9 4.1 4.9 3.86 .000 
Resident individ. 6.2 9.2 8.4 9.3 8.8 20.3 8.4 11.7 7.6 14.3 10.5 10.6 9.43 .000 
P. migrant species 1.6 1.6 2.0 2.3 1.7 1.8 2.0 2.5 1.8 1.4 1.8 2.2 1.96 .002 
P. migrant individ. 3.1 2.1 3.7 4.2 2.9 3.0 3.3 4.1 2.7 1.7 3.7 3.4 1.96 .047 
L-D migrant species 3.5 2.6 3.6 3.6 3.7 2.5 4.2 2.7 3.9 2.3 3.8 3.9 3.61 .000 
L-D migrant indiv. 
CO CN *—1 
4.2 8.6 7.5 10.2 8.1 9.9 5.9 14.1 4.4 8.5 8.0 8.89 .000 
Migrant species 5.1 4.2 5.6 5.9 5.4 4.3 6.2 5.2 5.7 3.7 5.6 6.1 5.57 .000 
Migrant indvid. 15.9 6.3 12.3 11.7 13.1 11.1 13.2 10.0 16.8 6.1 12.2 11.4 12.32 .000 
Cumulative species 76 58 121 111 84 64 96 97 87 43 117 124 175 
Total species 7.5 8.2 9.4 10.0 8.2 10.1 9.9 9.6 9.0 8.6 9.6 10.9 9.43 .000 
Total individuals 22.1 15.5 20.6 21.0 21.9 31.4 21.6 21.7 24.4 20.4 22.6 22.0 21.75 .176 
* = oneway ANOVA analysis, using square root of mean number of individuals. 
a= P=Partial migrant, L-D=Long distance migrant. 
to 
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TABLE 25. Significant Pearson correlation coefficients between 
the border strip variables measured, and the number of species 
and individuals within the status groups. (2-tailed Correlation 
Coefficients; * = < 0.05, ** = < 0.01). 
NUMBER OF SPECIES AND 
INDIVIDUALS VARIABLES® 
Overall species 
Overall individuals 
Width **, Height **, Treecov **, Bushcov **, 
Treearea **, Busharea **, Cover ** 
Bushcov *, Deadtree * 
Resident species 
Resident individuals 
Width **, Height **, Treecov **, Bushcov **, 
Treearea **, Cover ** 
Treecov *, Bushcov **, Rockfence *(")/ 
Treearea * 
Partial-migrant species 
Partial-migrant individ• 
Long-distance migrant spp. 
Long-distance migrant ind. 
Height **, Treecov **, Bushcov **, Busharea ** 
No correlations with any variable 
Height **, Treecov *, Bushcov **, Rockfence *, 
Busharea ** 
Height *(-), Treecov **(-), Deadtree *, 
Treearea **(-), Cover *(-) 
a= Width= width of the border strip, Height^ maximum height of the border 
strips, Treecov= percent of coverage of the trees1 canopy, Bushcov= 
percent of coverage of the bushes' stratum, Herbcov= percent of coverage 
of herbs, Rockfence= presence or absence of rocks on the border strip, 
Deadtree= presence or absence of dead trees on the border strip, 
Area=Width * Height, Treearea=Treecov * Height, Busharea=Bushcov * 3, 
Cover=Treearea + Busharea, 
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greater variability and should be interpreted with caution. 
The overall mean number of species occurring in the 
different border categories was 9.43 species, ranging from 
7.5 individuals per count in the SSC type, to 10.9 in the 
BTP type, without any clear pattern of variation among the 
types of border strips. Overall number of individuals per 
count was 21.75 and the mean number of individuals did not 
differ significantly among categories, although they ranged 
from 15.5 to 31.4 individuals per count (Table 24). 
When considering migratory status, border strips are 
used by a larger average number of migrant than resident 
species and individuals (residents: 3.86 species, 9.43 
individuals; migrants: 5.57 species, 12.32 individuals). In 
addition, the mean number of resident species and 
individuals is relatively small whenever the border strips 
are short and the adjacent agriculture is crops (SSC, DSC 
and BSC types) (Table 24). Almost the same pattern is found 
when considering partial migrant species. On the other 
hand, when considering long-distance migrant species and 
individuals, lower mean values were recorded mostly in 
border types SSP, DSP and BSP. It is almost impossible, 
however, to detect any patterns using the correlation 
coefficients between the mean number of individuals and the 
structural variables associated with border strips (Table 
25). Because groups of species show particular habits and 
habitat use patterns, it may prove more useful to look at 
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the correlation between guild density and the structural 
variables associated with the border strips. 
Aerial insectivores were more frequent in short borders 
adjacent to plantations, probably as a result of perches 
from which they can look for flying insects, and also in 
places with an open, medium stratum (as indicated by the 
significant negative correlation with BUSHCOV and BUSHAREA) 
(Tables 26 and 27). Trunk insectivores and canopy 
insectivores had a higher mean value whenever the border was 
tall and/or a plantation was nearby. This is supported by 
the fact that, as a group they had a positive correlation 
with WIDTH, HEIGHT, TREECOV, TREEAREA, and COVER. In 
addition, trunk insectivores showed a positive correlation 
with DEADTREE. For shrub insectivores, the pattern is not 
really clear, probably because of the variation in the 
amount and coverage of the understory in tall borders and of 
shrubby vegetation in short borders; this group of species 
showed positive correlations with all the variables, except 
for DEADTREE (Tables 26 and 27). 
Neither the mean number of ground insectivore species 
or individuals nor the mean number of omnivorous species or 
individuals showed significant differences in the use of 
different border types. In the former case, this is the 
result of the few times ground insectivores were recorded. 
In the latter, this is probably an indication of the ability 
of omnivores to use a variety of resources (Table 26). 
TABLE 26. Mean number of species and individuals recorded in each category of border strip broken down 
by foraging guilds. 
GUILD GROUPS3 
B O R D E R S T R I P  C A T E G  O R I E S 
Mean SSC SSP STC STP DSC DSP DTC DTP BSC BSP BTC BTP 
(75) (26) (148) (73) (56) (17) (73) (45) (31) (118) (102) (775) 
A.I . species 1.3 2.3 1.6 1.2 1.3 2.1 1.3 1.5 1.4 1.5 1.6 1.2 1.45 
A.I • individuals 1.8 3.5 2.1 1.8 1.8 3.4 1.8 2.1 2.1 2.6 2.1 1.6 2.00 
T.I . species 0.17 0.23 0.28 0.21 0.02 0.24 0.19 0.36 0.10 0.36 0.42 0.31 0.25 
T.I . individuals 0.09 0.27 0.31 0.29 0.02 0.29 0.19 0.51 0.16 0.64 0.53 0.41 0.31 
C.I . species 0.9 1.7 1.7 2.2 1.5 1.9 2.0 1.9 1.9 1.9 2.1 2.7 1.92 
C.I . individuals 1.6 2.5 3.2 4.2 3.0 4.1 3.8 3.7 3.9 3.7 4.2 5.2 3.65 
S.I • species 0.9 0.7 1.1 1.2 1.0 0.8 1.2 1.0 0.8 0.6 1.3 1.5 1.12 
S.I . individuals 1.2 0.8 1.3 2.1 1.1 1.7 1.5 1.4 1.1 0.9 1.5 2.3 1.53 
G.I . individuals 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.01 0.005 
G.I . species 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.01 0.005 
Fr. species 0.03 0.12 0.17 0.64 0.07 0.47 0.22 0.40 0.16 0.09 0.24 0.75 0.30 
Fr. individuals 0.04 0.15 0.22 1.21 0.09 0.88 0.41 1.29 0.16 0.09 0.44 1.43 0.57 
Gr. species 3.1 1.8 2.7 2.1 2.9 2.0 3.0 2.2 2.8 2.2 2.4 2.0 2.52 
Gr. individuals 15.0 5.2 9.1 6.8 10.9 7.6 9.8 6.1 13.3 7.4 9.0 5.8 9.00 
Om. species 1.0 1.2 1.4 1.6 1.2 2.0 1.6 2.0 1.2 1.5 1.3 1.9 1.48 
Om. individuals 2.2 2.7 3.7 3.4 4.4 7.1 3.2 5.6 2.4 4.0 3.8 4.1 3.70 
Ne. species 0.08 0.04 0.16 0.60 0.13 0.41 0.15 0.20 0.42 0.27 0.10 0.41 0.23 
Ne. Individuals 0.08 0.04 0.19 0.89 0.16 0.41 0.16 0.27 0.58 0.55 0.10 0.58 0.30 
a = Guilds Key: A.I.= Aerial insectivores, T.I.=Trunk insectivores, C.I.=Canopy Insectivores, S.I. Shrub 
insectivores, G.I.^Ground insectivores, Fr=Frugivores, Gr.=Granivores, Om. =Omnivores,Ne.=Nectarivores 
cr» 
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TABLE 27. Significant Pearson correlation coefficients between the 
border strip variables measured, and the number of species and 
individuals within of the various foraging guild groups. (2-tailed 
Correlation Coefficients; * = < 0.05, ** = < 0.01). 
GUILDS VARIABLES' 
Aerial Insectivore species 
Aerial Insectivore individ. 
Trunk Insectivore species 
Trunk insectivore individ. 
Canopy Insectivore species 
Canopy Insectivore individ. 
Shrub Insectivore species 
Shrub Insectivore individ. 
Ground Insectivore species 
Frugivorous spec ies 
Frugivorous individuals 
Granivorous Species 
Granivorous individuals 
Bushcov *(-), Deadtree *, 
Busharea *(-) 
Deadtree *, Area *(-), Busharea *(-) 
Width *, Height **, Treecov **, 
Herbcov **(-), Deadtree *, 
Treearea **, Busharea **(-), 
Cover ** 
Width *, Height **, Treecov **, 
Herbcov *(-), Deadtree **, 
Treearea **, Busharea **(-), 
Cover ** 
Width **, Height **, Treecov **, 
Bushcov *, Rockfence *(-), Area **, 
Treearea **, Cover ** 
Width **, Height **, Treecov **, 
Bushcov *, Rockfence *(-), Area **, 
Treearea **, Cover ** 
Width *, Height **, Treecov **, 
Bushcov **, Herbcov **, 
Rockfence **, Treearea *, 
Busharea **, Cover ** 
Height ** Treecov **, Bushcov **, 
Herbcov *, Area *, Treearea *, 
Busharea **, Cover ** 
No significative correlation with 
any variables, and individuals 
because of low number of records 
Width **, Heigth **, Treecov, **, 
Bushcov **, Herbcov **, Area **, 
Treearea **, Busharea **, 
Cover ** 
Width **, Height **, Treecov **, 
Bushcov **, Herbcov *, Deadtree **, 
Area **, Treearea **, Busharea **, 
Cover ** 
Width **(-), Height **(-), 
Treecov (-), Area *(-), 
Treearea *(-), Cover *(-) 
Height **(-), Treecov **(-), 
Area *(-), Treearea **(-), 
Cover **(-) 
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TABLE 27. Continued. 
GUILDS VARIABLES3 
Omnivorous species Height **, Treecov **, Bushcov **, 
Busharea **, Cover * 
Omnivorous individuals No significative correlation 
variables 
with any 
Nectarivorous species Width **, Height **, Treecov 
Bushcov **, Herbcov **, Area 
Busharea **, Cover ** 
• * 
t 
it it 
9 
Nectarivorous individuals Width **, Height **, Treecov 
Bushcov **, Herbcov **, Area 
Busharea **, Cover ** 
**, 
* * ,  
a= Width= width of the border strip, Height= maximum height of the 
border strips, Treecov= percent of coverage of the trees1 canopy, 
Bushcov= percent of coverage of the bushes1 stratum, Herbcov= 
percent of coverage of herbs, Rockfence= presence or absence of 
rocks on the border strip, Deadtree= presence or absence of dead 
trees on the border strip, Area=Width * Height, Treearea=Treecov * 
Height , Busharea=Bushcov * 3, Cover=Treearea + Busharea. 
Frugivorous species and individuals were numerous in 
tall borders with nearby plantations (Table 26), showing 
positive correlations with WIDTH, HEIGHT, TREECOV, BUSHCOV, 
AREA, TREEAREA, BUSHAREA, and COVER (Table 27). 
An opposite pattern was found for the granivorous 
species, which exhibited significant negative correlation 
coefficients with variables such as WIDTH, HEIGHT, TREECOV, 
AREA, TREEAREA, and COVER (Table 27). They were more 
frequent in short borders adjacent to crops, fallow fields, 
and ploughed fields (Table 26). 
Nectarivore species and individuals also occurred 
primarily in the shelter of tall and wide border strips in 
which flowering plant species were common. The correlation 
coefficient for this group of species shows significative 
positive values for WIDTH, HEIGHT, TREECOV, BUSHCOV, 
HERBCOV, TREEAREA, BUSHAREA and COVER. 
Of species with more than 25 detections, 47 were 
classified as "broad generalists", including 26 resident and 
21 migrant species. "Crop generalists" included 10 migrant 
species that feed basically on insects or on seeds; 
"plantation generalists" embraced five species (2 migrants); 
and three species were "tall border generalists." Other 
generalists included "narrow border generalists" with two 
species, one "sensitive generalists", and one "corridor 
generalists" (Figure 3). In general, species classified as 
generalists comprise 69 (81%) of the 85 most common species 
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FIGURE 3. Bar charts of the mean number of individuals per 
count in each border stripe category for some examples of 
"generalist species": a) Broad generalist, Blue-gray 
Gnatcatcher, b) Crop Generalist, Eastern Meadowlark, and c) 
Corridor Generalist, Dusky-capped Flycatcher. 
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recorded in border strips. Nine (11%) species were 
specialized to some border strip features (Figure 4). I was 
unable to classify seven species (Morning Dove, Ash-throated 
Flycatcher, Eastern Bluebird, Bell's Vireo, Lucy's Warbler, 
Grayish Saltator and Bronzed Cowbird) due to the lack of a 
meaningful distributional pattern of their abundances among 
border types, or to the low sample sizes (Tables 28-30). 
Pearson correlation coefficients give some indication of the 
variables that might be of importance for each one of the 
species with more than 25 detections (Table 31). 
I found that some of the characteristic species of 
highland coniferous forest occurred in some border strips. 
However, this group of species was not frequently recorded, 
which may indicate that their presence depends on the 
existence of certain plant species. By looking at the plant 
species composition in the border strips where they were 
present, I found a clear association of some bird species 
with native "remnant" plant genera. As an example, the 
highland records for Western Flycatcher (n=27) included 83% 
of the borders where trees of the genera Quercus, Pinus, or 
Cupressus existed. Ruby-crowned Kinglets (n=57), showed a 
similar pattern; 83% of the border strips in which this 
species was recorded, contained individuals of Pinus, 
Quercus, Prunus, and Fraxinus. Additionally, 88% of the 
counts in which Townsend's Warbler individuals (n=17) were 
detected, included individuals of Pinus, Quercus, and 
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FIGURE 4. Bar charts of the mean number of individuals per 
count in each border stripe category for some examples of 
"restricted species": a) Tall Border Plantation Species, 
Cedar Waxwing, b) Sensitive Crop Species, Banded Quail, and 
c) Sensitive Tall Border Species, Greater Pewee. 
TABLE 28. Mean number of individuals in each category of border strip for the resident species with more 
than 25 detections. 
B O R D E R S T R I P  C A T  E  G  O  R  I  E  S  
SPECIES SSC SSP STC STP DSC DSP DTC DTP BSC BSP BTC BTP Mean GROUP" 
N ( 75) (26) (148) (73) (56) (17) (73) (45) (31) (11) (118) (102) (775) 
Banded Quail 78 0 .16 0.00 0.01 0. 00 0.00 0.00 0. 03 0.00 0. 35 0. ,00 0. >43 0. ,00 0 .101 SCrS 
Inca Dove 381 0 .59 0.19 0.59 0. 27 0.39 0.71 0. 59 0.31 0. 29 0. 18 0. ,69 0. ,39 0 .492 G 
Common G.-Dove 337 0 .40 1.38 0.51 0. 14 0.20 0.24 0. 34 0.27 0. 65 0. 36 0. ,62 0. ,35 0 .435 G 
Ruddy G.-Dove 123 0 .00 0.42 0.12 0. 15 0.16 0.65 0. 03 0.31 0. 16 0. 00 0. ,11 0. 28 0 .159 G 
White-tipped Dove 33 0 .00 0.04 0.01 0. 03 0.02 0.12 0. 03 0.09 0. 10 0. 09 0. ,05 0. 08 0 .043 G 
Groove-billed Ani 438 0 .39 0.81 0.41 0. 42 0.23 2.35 0. 52 1.00 0. 68 1. 18 0. 42 0. 75 0 .565 G 
Broad-billed Humm. 54 0 .05 0.00 0.05 0. 05 0.09 0.12 0. 12 0.04 0. 32 0. 18 0. 03 0. 05 0 .070 G 
Golden-che. Woodp. 193 0 .09 0.27 0.23 0. 23 0.00 0.24 0. 12 0.42 0. 16 0. 64 0. 39 0. 37 0 .249 G 
Great Kiskadee 257 0 .19 0.92 0.27 0. 33 0.09 1.23 0. 16 0.47 0. 32 0. 45 0. 42 0. 30 0 .332 G 
Social Flycatcher 255 0 .25 0.88 0.20 0. 22 0.23 0.82 0. 36 0.47 0. 23 1. 18 0. 44 0. 22 0 .329 G 
San Bias Jay 81 0 .03 0.23 0.05 0. 08 0.05 0.41 0. 08 0.40 0. 06 0. 27 0. 08 0. 10 0 .105 G 
Bushtit 160 0 .00 0.00 0.03 0. 68 0.11 0.88 0. 00 0.40 0. 00 0. 00 0. 00 0. 66 0 .207 PG 
Spoted Wren 33 0 .08 0.00 0.04 0. 12 0.00 0.00 0. 08 0.00 0. 00 0. 00 0. 00 0. 06 0 .043 TG 
Sinaloa Wren 47 0 .01 0.08 0.03 0. 07 0.02 0.18 0. 03 0.11 0. 00 0. 18 0. 10 0. 09 0 .061 G 
Happy Wren 57 0 .01 0.04 0.06 0. 07 0.04 0.24 0. 05 0.09 0. 00 0. 00 0. 14 0. 11 0 .074 G 
Rufous-back. Robin 83 0 .04 0.12 0.02 0. 10 0.05 0.59 0. 18 0.09 0. 00 0. 00 0. 12 0. 24 0 .107 G 
Curve-bil.Thrasher 43 0 .07 0.00 0.07 0. 08 0.04 0.00 0. 11 0.04 0. 06 0. 00 0. 04 0. 03 0 .056 G 
Blue Mockingbird 85 0 .00 0.00 0.08 0. 37 0.00 0.06 0. 05 0.02 0. 03 0. 00 0. 04 0. 33 0 .110 SPS 
Gray-silky Flycat. 66 0 .00 0.00 0.06 0. 19 0.02 0.00 0. 10 0.29 0. 00 0. 00 0. 03 0. 18 0 .085 TPS 
Grayish Saltator 40 0 .03 0.00 0.05 0. 10 0.00 0.00 0. 05 0.07 0. 03 0. 36 0. 04 0. 06 0 .052 ? 
Black-hea.Grosbeak 96 0 .09 0.04 0.09 0. 25 0.11 0.00 0. 22 0.16 0. 06 0. 00 0. 07 0. 17 0 .124 G 
Blue Bunting 77 0 .03 0.15 0.08 0. 04 0.02 0.24 0. 10 o
 
• M
 00
 
0. 19 0. 00 0. 18 0. 09 0 .099 G 
Orange-b. Bunting 40 0 .11 0.08 0.05 0. 01 0.05 0.06 0. 00 0.02 0. 16 0. 00 0. 04 0. 07 0 .052 G 
Canyon Towhee 418 0 .69 0.19 0.55 0. 71 0.77 0.06 0. 79 0.80 0. 58 0. 00 0. 28 0. 38 0 .539 G 
Blue-bla.Grassquit 461 0 .69 0.42 0.48 0. 41 0.88 0.76 0. 51 0.13 0. 55 1. 09 1. 08 0. 35 0 .595 G 
W.-col1. Seedeater 221 0 .48 0.15- 0.24 0. 22 0.36 0.18 0. 21 0.42 0. 32 0. 91 0. 36 0. 10 0 .285 G 
Str.-head.parrow 575 0 .35 0.96 0.54 0. 47 0.88 0.29 0. 59 0.93 0. 42 3. 91 1. 06 0. 88 0 .742 G 
00 u> 
TABLE 2 8• Cont inued. 
B O R D E R  S T R I P S  C A T E G O R I E S  
SPECIES SSC SSP STC STP DSC DSP DTC DTP BSC BSP BTC BTP Mean GROUP* 
N (75) (26) (148) (73) (56) (17) (73) (45) (31) (11) (118) (102) (775) 
Great-tai.Grackle 293 0.28 0.31 0.20 0.15 1.82 0.82 0.14 0.49 0.13 0.36 0.30 0.31 0.378 G 
Bronzed Cowbird 29 0.00 0.12 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.037 ? 
Black-ven. Oriole 47 0.00 0.04 0.03 0.16 0.04 0.12 0.00 0.16 0.03 0.36 0.05 0.08 0.061 PG 
Streak-bac.Oriole 261 0.13 0.42 0.34 0.25 0.18 0.71 0.32 0.27 0.16 0.45 0.42 0.52 0.337 G 
Yellow-win.Cacique 293 0.01 0.46 0.21 0.21 0.11 1.35 0.14 1.33 0.19 1.27 0.42 0.64 0.378 PG 
House Pinch 689 0.77 0.08 1.32 1.45 1.04 0.00 1.27 0.33 0.45 0.00 0.44 0.94 0.889 G 
Lesser Goldfinch 425 0.12 0.38 0.63 0.37 0.39 0.29 0.60 0.58 0.68 0.36 0.93 0.53 0.548 G 
House Sparrow 87 0.07 0.00 0.24 0.03 0.20 0.00 0.18 0.13 0.06 0.00 0.04 0.06 0.112 G 
•^Categories of use of border strips: G= Generalist, TG= Tall border generalist, PG= Plantation generalist, SCrP= Sensitive crop species, SPS= Sensitive 
plantation species, TPS= Tall border plantation species, ?=Undetermined. 
TABLE 29. Mean number of individuals in each category of border strip for the partial migrant species with 
more than 25 detections. 
B O R D E R  S T R I P  C A T E G O R I E S  
SPECIES 
N 
SSC SSP STC STP DSC DSP DTC DTP BSC BSP BTC BTP Mean GROUP 
(75) (26) (148) (73) (56) (17) (73) (45) (3D till (118) (102) (775) 
White-winged Dove 36 0.00 0.00 0.05 0. 07 0. 00 0. 12 0. 03 0. 09 0. 06 0. ,00 0. ,05 0. ,07 0 .047 G 
Mourning Dove 93 0.43 0.00 0.05 0. 04 0. 05 0. 12 0. 21 0. 58 0. 00 0. ,00 0. ,03 0. ,02 0 .120 ? 
White-eared Humm. 74 0.00 0.00 0.02 0. 58 0. 00 0. 06 0. 00 0. 09 0. 06 0. ,00 0. ,01 0. ,21 0 .096 STS 
N.-bear.Tyrannulet 56 0.03 0.08 0.09 0. 01 0. 07 0. 00 0. 04 0. 09 0. 13 0. ,18 0. ,13 0. ,06 0 .072 G 
Greater Pewee 32 0.00 0.00 0.68 0. 04 0. 00 0. 00 0. 00 0. 00 0. 00 0. ,00 0. ,04 0. ,14 0 .041 STS 
Vermilion Flycat. 228 0.49 0.15 0.38 0. 25 0. 45 0. 12 0. 41 0. 29 0. 39 0. ,09 0. 22 0. ,04 0 .294 NG 
Dusky-capp.Flycat. 25 0.00 0.00 0.01 0. 04 0. 00 0. 00 0. 00 0. 02 0. 10 0. ,09 0. ,03 0. 12 0 .032 COG 
Ash-throat. Flycat. 46 0.00 0.27 0.05 0. 07 0. 02 0. 12 0. 07 0. 00 0. 19 0. ,00 0. 07 0. 05 0 .059 ? 
Tropical Kingbird 232 0.19 0.73 0.30 0. 33 0. 30 0. 65 0. 11 0. 40 0. 35 0. ,55 0. 27 0. 26 0 .299 G 
Cassin's Kingbird 161 0.24 0.08 0.33 0. 15 0. 32 0. 06 0. 32 0. 09 0. 16 0. ,00 0. 14 0. 13 0 .208 G 
Thick-bil.Kingbird 61 0.00 0.19 0.09 0. 12 0. 00 0. 18 0. 05 0. 09 0. 10 0. ,09 0. 10 0. 07 0 .079 G 
Eastern Bluebird 49 0.11 0.00 0.07 0. 12 0. 13 0. 00 0. 03 0. 04 0. 03 0. 00 0. 00 0. 10 0 .063 9 
American Robin 133 0.03 0.00 0.05 0. 63 0. 04 0. 00 0. 05 0. 31 0. 03 0. 00 0. 03 0. 52 0 .172 TPS 
North. Mockingbird 34 0.07 0.04 0.03 0. 03 0. 11 0. 00 0. 07 0. 04 0. 03 0. 00 0. 06 0. 01 0 .044 G 
Loggerhead Shrike 45 0.17 0.00 0.06 0. 00 0. 05 0. 00 0. 08 0. 02 0. 03 0. 00 0. 09 0. 01 0 .058 CrG 
Yellow Warbler 180 0.07 0.35 0.16 0. 34 0. 05 0. 41 0. 19 0. 69 0. 03 0. 27 0. 21 0. 32 0 .232 PG 
Comm. Yellowthroat 28 0.05 0.04 0.02 0. 00 0. 02 0. 00 0. 01 0. 04 0. 10 0. 00 0. 08 0. 04 0 .036 G 
Yellow-breast. Chat . 40 0.01 0.08 0.05 0. 01 0. 02 0. 06 0. 03 0. 09 0. 03 0. 09 0. 08 0. 10 0 .052 G 
Blue Grosbeak 324 0.77 0.00 0.53 0. 10 0. 34 0. 18 0. 52 0. 20 0. 39 0. 18 0. 55 0. 31 0 .418 CrG 
Varied Bunting 62 0.09 0.00 0.07 0. 10 0. 11 0. 00 0. 25 0. 02 0. 06 0. 09 0. 07 0. 02 0 .080 G 
Brown-hea. Cowbird 333 0.09 0.00 0.77 0. 00 0. 43 0. 65 0. 25 0. 00 0. 06 0. 00 1. 25 0. 10 0 .430 G 
Orchard Oriole 32 0.03 0.00 0.05 0. 05 0. 00 0. 12 0. 03 0. 16 0. 03 0. 09 0. 02 0. 04 0 .041 G 
Northern Oriole 106 0.01 0.00 0.30 0. 08 0. 05 0. 00 0. 22 0. 13 0. 03 0. 00 0. 08 0. 19 0 .137 TG 
Pine Siskin 56 0.00 0.00 0.00 0. 56 0. 07 0. 00 0. 00 0. 16 0. 00 0. 00 0. 00 0. 04 0 .072 TPS 
•"Categories of use of border strips: G= Generalist, TG= Tall border generalist, NG= Narrow border generalist, CoG= Corridor generalist, CrG= Crop 
generalist, PG« Plantation generalist, TPS= Tall border plantation species, STS= Sensitive tall border species, ?=Undetermined. 
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TABLE 30. Mean number of individuals in each category of border strip for the long-distance migrant species 
with more than 25 detections. 
B O R D E R  S T R I P  C A T E G O R I E S  
SPECIES SSC SSP STC STP DSC DSP DTC DTP BSC BSP BTC BTP Mean GROUP* 
N (75) (26) (148) (73) (56) (17) (73) (45) (31) (11) (118) (102) (775) 
American Kestrel 106 0 .  16 0 .  19 0 .  21 0 .  11 0 .  18 0 .  06 0 .  21 0 .  09 0 .  06 0 .  00 0 .  11 0 .  ,06 0 .  ,136 NG 
Rufous Humming. 47 0 .  01 0 .  00 0 .  09 0 .  12 0 .  05 0 .  00 0 .  04 0 .  02 0 .  16 0 .  00 0 ,  01 0 .  ,10 0 .  ,061 SG 
Western Flycatcher 28 0 .  00 0 .  00 0 .  02 0 .  04 0 .  00 0 .  00 0 .  05 0 .  02 0 .  03 0 .  00 0 .  11 0. ,04 0 .  036 TG 
House Wren 202 0 .  29 0 .  04 0 .  20 0 .  38 0 .  23 0 .  06 0 .  34 0 .  11 0 .  32 0 .  00 0 .  25 0 .  ,38 0 .  261 G 
Ruby-crow. Kinglet 123 0 .  00 0 .  12 0 .  09 0 .  78 0 .  11 0 .  00 0 .  05 0 .  04 0 .  00 0 .  00 0 .  03 0 .  33 0 .  158 STPS 
Blue-gray Gnatcat. 926 0 .  47 1 .  04 1 .  08 0 .  78 1 .  07 1 .  88 1 .  29 1 .  04 1 .  84 1 .  09 1 .  87 1 .  22 1 .  195 G 
Cedar Waxwing 64 0 .  00 0 .  00 0 .  00 0 .  18 0 .  00 0 .  00 0 .  00 0 .  33 0 .  00 0 .  00 0 .  00 0 .  35 0 .  083 TPS 
Warbling Vireo 103 0 .  01 0 .  08 0 .  08 0 .  21 0 .  00 0 .  06 0 .  10 0 .  07 0. 16 0 .  36 0. 19 0 .  30 0 .  133 G 
Bell's Vireo 33 0 .  01 0 .  04 0 .  02 0 .  01 0 .  00 0 .  00 0 .  03 0 .  13 0 .  10 0 .  09 0. 07 0 .  07 0 .  043 7 
Oran-cro. Warbler 222 0 .  36 0 .  35 0 .  33 0 .  19 0 .  38 0 .  00 0 .  37 0 .  16 0 .  32 0 .  18 0 .  31 0 .  20 0 .  287 G 
Nashville Warbler 331 0 .  23 0 .  35 0 .  37 0 .  29 0 .  25 0 .  82 0 .  48 0 .  42 0 .  29 1 .  27 0 .  57 0 .  56 0 .  427 G 
Lucy's Warbler 54 0 .  08 0 .  00 0 .  06 0 .  03 0 .  04 0 .  18 0 .  08 0 .  00 0 .  23 0 .  18 0 .  10 0 .  05 0 .  070 9  
Yellow-rum.Warbler 821 0 .  72 0 .  31 1 .  09 1 .  26 1 .  41 0 .  47 1 .  44 0 .  98 1 .  03 0 .  27 0 .  80 1 .  38 1 .  059 G 
B1.-thr.G. Warbler 37 0 .  00 0 .  08 0 .  05 0 .  05 0 .  00 0 .  00 0 .  03 0 .  04 0 .  00 0 .  00 0 .  00 0 .  20 0 .  048 PG 
MacGilliv. Warbl. 166 0 .  09 0 .  19 0 .  21 0 .  18 0 .  14 0 .  24 0 .  16 0 .  22 0 .  10 0 .  27 0 .  24 0 .  42 0 .  214 G 
Wilson's Warbler 172 0 .  23 0 .  04 0 .  24 0 .  30 0 .  07 0 .  06 0 .  29 0 .  16 0 .  16 0 .  18 0 .  28 0 .  24 0 .  ,222 G 
Western Tanager 83 0 .  01 0 .  08 0 .  07 0 .  08 0 .  05 0 .  12 0 .  10 0 .  16 0 .  06 0 .  09 0 .  12 0 .  27 0 .  107 G 
Painted Bunting 159 0 .  09 0 .  38 0 .  22 0 .  15 0 .  20 0 .  18 0 .  18 0 .  27 0 .  06 0 .  36 0 .  26 0 .  22 0 .  205 G 
Chipping Sparrow 1369 2. 92 0 .  46 1 .  90 1 .  59 3. 27 0 .  00 1 .  92 1 .  11 4. 77 0 .  00 0 .  83 1 .  20 1 .  767 CrG 
Clay-color.Sparrow 67 0 .  23 0 .  00 0 .  00 0 .  00 0 .  36 0 .  00 0 .  25 0 .  00 0 .  39 0 .  00 0 .  00 0 .  00 0 .  087 CrG 
Vesper Sparrow 53 0 .  23 0 .  00 0 .  11 0 .  00 0 .  07 0 .  00 0 .  01 0 .  00 0 .  48 0 .  00 0 .  00 0 .  00 0 .  068 CrG 
Lark Sparrow 1088 4. 28 0 .  27 1 .  23 0 .  36 1 .  32 3. 71 1 .  67 0 .  42 2. 58 0 .  00 1 .  58 0 .  07 1 .  403 CrG 
Savannah Sparrow 101 1 .  04 0 .  00 0 .  09 0 .  00 0 .  09 0 .  00 0 .  00 0 .  00 0 .  00 0 .  00 0 .  03 0 .  00 0 .  130 CrG 
Grasshop. Sparrow 95 0 .  72 0 .  00 0 .  07 0 .  00 0 .  25 0 .  00 0 .  08 0 .  00 0 .  19 0 .  00 0 .  04 0 .  00 0 .  122 CrG 
Lincoln's Sparrow 276 0 .  39 0 .  12 0 .  53 0 .  23 0 .  50 0 .  12 0 .  60 0 .  04 0 .  52 0 .  00 0 .  33 0 .  17 0 .  356 CrG 
Eastern Meadowlark 59 0 .  21 0 .  00 0 .  09 0 .  00 0 .  07 0 .  00 0 .  08 0 .  00 0 .  10 0 .  00 0 .  13 0 .  02 0 .  076 CrG 
•"Categories of use of border strips: G= Generalist, TG= Tall border generalist, NG» Narrow border generalist, CrG= Crop generalist, PG= Plantation 
generalist, TPS= Tall border plantation species, SG= Sensitive generalist, STPS= Sensitive tall border plantation species, ?=Undetermined. 
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TABLE 31. Significant Pearson correlation coefficients between the 
border strip variables measured, and the presence of the bird species 
with more tha 25 detections. (Species that did not show any significant 
correlation are not included). (2-tailed Correlation Coefficients; 
* = < 0.05, ** = < 0.01). 
SPECIES VARIABLES3 
American Kestrel 
White-winged Dove 
Morning Dove 
Inca Dove 
Common Ground-Dove 
White-tipped Dove 
Groove-billed Ani 
Broad-billed Hummingbird 
White-eared Hummingbird 
Rufous Hummingbird 
Golden-cheeked Woodpecker 
Northern-beardless Tyrannul 
Greater Peewee 
Western Flycatcher 
Vermilion Flycatcher 
Dusky-capped Flycatcher 
Ash-throated Flycatcher 
Great Kiskadee 
Social Flycatcher 
Tropical Kingbird 
Cassin's Kingbird 
San Bias Jay 
Width **(-), Bushcov **(-) 
Deadtree * 
Width *(-), Height **(-), Herbcov *(-), 
Busharea ** (-) 
Rockfence ** 
Bushcov **(-), Herbcov **(-), 
Rockfence **(-), Area *, Treearea *, 
Busharea **, Cover * 
Width **, Treecov **, Rockfence *(-) 
Rockfence **(-) 
Bushcov **, Herbcov **, Rockfence ** 
Width *, Height **, Treecov **, 
Bushcov **, Herbcov ** 
Height **, Bushcov *, Herbcov **, 
Rockfence *(-) 
Width **, Height **, Treecov **, 
Herbcov **(-) 
Treecov **, Deadtree ** 
Width **, Height **, Treecov **, 
Bushcov **, Herbcov *, Busharea ** 
Treecov **, Herbcov * (-) 
Width **(-), Height **(-), Treecov **(-), 
Bushcov **(-), Rockfence * 
Width **, Height **, Treecov ** 
Bushcov **(-), Herbcov **(-), 
Rockfence **(-) 
Treecov **, Herbcov *(-), Treearea *, 
Cover * 
Rockfence **(-) 
Rockfence **(-) 
Width **(-)# Treecov **(") 
Rockfence *(-) 
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TABLE 31. Continued. 
SPECIES 
Bushtit 
VARIABLES 
Spotted Wren 
Canyon Wren 
Sinaloa Wren 
Happy Wren 
House Wren 
Ruby-crowned Kinglet 
Blue-gray Gnatcatcher 
Eastern Bluebird 
Rufous-backed Robin 
American Robin 
Northern Mockingbird 
Curve-billed Thrasher 
Blue Mockingbird 
Cedar Waxwing 
Gray-silky Flycatcher 
Loggerhead Shrike 
Bell's Vireo 
Warbling Vireo 
Nashville Warbler 
Lucy's Warbler 
Yellow Warbler 
Black-throated Gray Warbler 
McGillivray1s Warbler 
Height **, Treecov **, Bushcov ** 
Rockfence ** 
Rockfence ** 
Rockfence *(-) 
Treecov **, Bushcov **, Herbcov *, 
Rockfence *(-), Busharea ** 
Bushcov **, Herbcov **, Rockfence ** 
Width *, Height **, Treecov **, 
Bushcov **, Herbcov ** 
Width *, Treecov **, Busharea * 
Bushcov *(-) 
Treecov **, Rockfence *(-) 
Width *, Height **, Treecov **, 
Bushcov **, Herbcov ** 
Deadtree ** 
Bushcov **, Herbcov **, Rockfence ** 
Width **, Height **, Treecov **, 
Bushcov **, Herbcov **r Rockfence **, 
Busharea * 
Height **, Deadtree ** 
Height **, Treecov *, Bushcov ** 
Height **(-), Treecov **(-)/ Rockfence ** 
Treecov ** 
Width **, Height **, Treecov **, 
Bushcov *, Rockfence *(-)# Deadtree * 
Bushcov **, Herbcov **, Rockfence **(-), 
Busharea ** 
Herbcov **, Area **, Treearea **, 
Busharea **, Cover ** 
Height **, Treecov **, Herbcov **(-), 
Rockfence **(-), Area **, Treearea ** 
Height **, Treecov *, Bushcov * 
Width *, Height **, Treecov **, 
Bushcov **, Area *, Treearea *, 
Busharea **, Cover * 
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TABLE 31. Cont inued. 
SPECIES VARIABLES 
Wilson's Warbler 
Yellow-breasted Chat 
Western Tanager 
Grayish Saltator 
Black-headed Grosbeak 
Blue Bunting 
Blue Grosbeak 
Orange-breasted Bunting 
Painted Bunting 
Canyon Towhee 
Blue-black Grassquit 
Stripe-headed Sparrow 
Chipping Sparrow 
Clay-colored Sparrow 
Vesper Sparrow 
Lark Sparrow 
Savannah Sparrow 
Grasshopper Sparrow 
Lincoln's Sparrow 
Great-tailed Grackle 
Bronzed Cowbird 
Black-vented Oriole 
Streak-backed Oriole 
Northern Oriole 
Yellow-winged Cacique 
Height **, Treecov *, Bushcov **, 
Herbcov **, Busharea * 
Widht **, Deadtree * 
Height *, Treecov **, Area **, 
Treearea **, Busharea **, Cover ** 
Treecov **, Rockfence *(-), Busharea * 
Height *, Bushcov **, Herbcov * 
Deadtree *, Busharea ** 
Herbcov *(-), Rockfence ** 
Width *, Herbcov *(-) 
Bushcov *, Rockfence *(-), Busharea * 
Width *(-)/ Height *(-), Treecov **(-), 
Bushcov **, Herbcov **, Rockfence **, 
Deadtree *(-) 
Herbcov **, Rockfence **(-), Busharea * 
Width *, Treecov **, Bushcov *(-) 
Width **(-), Treecov **(-), Rockfence *, 
Busharea **(-) 
Treecov *(-) 
Height **(-) 
Width *('-), Height **(-), Treecov **(-), 
Herbcov *(-), Rockfence * 
Width *(-), Heigth **(-), Treecov **(-), 
Rockfence **, Busharea **(-) 
Heigth **(-), Treecov **(-), Busharea *(-) 
Treecov *(-), Bushcov **, Rockfence ** 
Rockfence *(-) 
Treecov * 
Treecov ** 
Width **, Treecov **, Herbcov **(-), 
Rockfence *(-), Busharea * 
Width *, Height **, Treecov *, Bushcov * 
Width **, Treecov **, Rockfence **(-) 
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TABLE 31. Continued. 
SPECIES VARIABLES 
House Finch Bushcov **, Herbcov **, Rockfence **, 
Lesser Goldfinch Herbcov ** 
a= Width= width of the border strip, Height= maximum height of the 
border strips, Treecov= percent of coverage of the trees' canopy, 
Bushcov= percent of coverage of the bushes' stratum, Herbcov= 
percent of coverage of herbs, Rockfence= presence or absence of 
rocks on the border strip, Deadtree= presence or absence of dead 
trees on the border strip, Area=Width * Height, Treearea=Treecov * 
Height, Busharea=Bushcov * 3, Cover=Treearea + Busharea. 
Fraxinus. Species with similar patterns were the White-
eared Hummingbird (n=44), Red-naped Sapsucker (n=l)/ Tufted 
Flycatcher (n=16), Greater Pewee (n=32), Dusky-capped 
Flycatcher (n=10), Brown-backed Solitaire (n=8), Solitary 
Vireo (n=4), Warbling Vireo (n=38), Crescent-chested Warbler 
(n=2), Black-throated Gray Warbler (n=15), Grace's Warbler 
(n=l), Black-and-white Warbler (n=3), Red-faced Warbler 
(n=6), Painted Redstart (n=2), Slate-throated Redstart 
(n=10), and Hepatic Tanager (n=17). I was unable to detect 
any of this kind of association in the lowlands, probably 
due to the presence of the widespread plant species 
characteristic of tropical deciduous forest. 
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5. DISCUSSION 
Throughout the world, extensive patches of habitat 
continue to be modified as population pressure fuels the 
conversion of land to agricultural, industrial, suburban and 
urban uses (Freemark and Merriam 1986). Approximately 80% 
of the 20 million ha that are deforested annually are due to 
the conversion of forests to agricultural lands (Pimentel et 
al. 1992). 
In this process, the removal of overstory vegetation 
creates a new, structurally different plant community as 
well as new "edge" between this new community and the forest 
(Anderson et al. 1977). As numerous studies have indicated, 
edges are rich in wildlife (Lay 1938, Johnston 1947, Hooper 
1970, Anderson et al. 1977, McElveen 1979, Strelke and 
Dickson 1980, Yahner 1982, Shalaway 1985, Derleth et al. 
1987, Arnold and Weeldenburg 1990, Best et al. 1990). 
Because of the additive effect on the fauna when two plant 
communities come together (Thomas et al. 1979), edge 
habitats (such as verges, border strips, shelterbelts, 
gardens, or corridors) can support high densities of birds 
because they provide a greater range of food resources, and 
song and roosting sites than the corresponding woodland 
interiors. 
However, the fragmentation from agricultural 
development does not benefit those species with restricted, 
native habitat requirements (e.g., forest-interior species) 
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(Robbins 1979). Moreover, even the birds that use these 
altered environments may suffer adverse effects. For 
example, it has been pointed out by some authors (Gates and 
Gysel 1978, Yahner and Scott 1988, Yahner et al. 1989), that 
predators select mainly edges for foraging, and that brood 
parasitism by cowbirds in these areas is frequent. While 
nest predation and nest parasitism are not problems during 
the winter, adult survivorship could be lower in these than 
in undisturbed habitats. 
Despite the abundance of agriculture and border strips 
surrounding the fields, studies on the associated bird fauna 
are scarce. For example, in some areas of the Midwestern 
United States, the vegetative cover is nearly exclusively 
crop land. Even in these areas, which retain just a few 
patches of original vegetation, the avian diversity and the 
use birds make of cropland and border strips are 
inadequately documented (Best and Hill 1983). The first 
references that stressed the importance of border strips for 
wildlife, date back at least three decades when agricultural 
practices differed markedly from those of today (Best and 
Hill 1983). Initially, the attraction of farm game birds 
was one of the main objectives of keeping strips of 
vegetation around the fields (Edminster 1938). In 1957, 
Linehan conducted a study to evaluate the value of border 
strips not only for game birds, but also for songbirds at 
the Patuxent Research Refuge. He found that differences in 
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the use of the various borders studied were significant: 
mature shrub hedges were more attractive to birds than wire 
fences, and taller fences attracted more individuals of more 
species (Linehan 1957). 
Unfortunately, information about the bird communities 
that make use of altered environments during winter in 
temperate North America is even more scarce than that 
available for breeding communities. Due to the strong 
seasonality in northern latitudes, the availability of 
resources changes drastically. As a result, bird 
communities experience considerable species turnover; some 
species migrate south, new species arrive, and a few remain 
as permanent residents. Wintering avian communities in 
northern latitudes are impoverished in comparison with 
breeding communities (North America: Morrison et al. 1986, 
Rollfinke and Yahner 1990; Europe: O'Connor and Shrubb 1986, 
Farina 1989). Wintering bird communities in the extensive 
agricultural landscapes of England are formed by a small 
number of very abundant and widespread species and about 20 
less abundant but also widespread species. They make 
greater use of marginal open ground, permanent grass, and 
border strips than during summer (O'Connor and Shrubb 1986). 
Additionally, in some areas of the Appenine Chain of Italy, 
during spring and fall seasons, ploughed fields, corridors, 
and meadows are attractive for many stopover Trans-Saharan 
passerine migrants, and during the winter, orchards support 
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the highest bird biomass because of the availability of 
fruits and insects. Because of this, "man-made habitats 
play a fundamental role in bird community dynamics across 
the Mediterranean basin, and the conservation of this 
landscape becomes important for preserving the diversity of 
bird populations in central and northern Europe..." (Farina 
1989) . 
As far as western Mexico is concerned, my data indicate 
that individuals of at least 110 migrant species, mainly 
from the western portions of temperate North America join 
resident species in the southern wintering grounds. They 
integrate with the permanent resident species, establishing 
(• 
an amazingly rich community during the winter. But, do 
these bird communities make use of the agricultural habitats 
in the wintering grounds? 
Some authors as Willis (1966), Emlen (1980), Hutto 
(1980) Fitzpatrick (1980), and Powell (1985), have found 
that migrants tend to use mainly disturbed and/or edge 
habitats. Particularly in western Mexico, Hutto (1980) has 
found that "..migrants are most abundant where roads, edges, 
or other clearings exist while the residents are least 
abundant in these locations." Similarly, in Italy (Farina 
1989), habitats with the greatest number of migrants are the 
man-made or disturbed lowland habitats, including the 
second-growth forests and riparian gallery forests bordering 
cultivated fields. In Mexico, agricultural border strips 
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harbor 85 migrant species, representing 77% of all long­
distance and partial migrant North American landbird 
species. 
The fact that migrant landbird species use, to some 
extent, disturbed areas in the Neotropics might be related 
to less restrictive habitat requirements during the winter 
time. The results presented by Yahner (1985) in his study 
on the effect of fragmentation of forests on wintering birds 
in central Pennsylvania indicate that wintering communities 
may be less sensitive to fragmentation than breeding 
communities, because they do not have the same requirements 
as do birds during the nesting period. Even resident 
species that depend on forest during the breeding season 
(such as woodpeckers, jays, nuthatches, and chickadees), 
made use of the mosaic of habitats of fragmented landscapes 
successfully. In winter, the main requirements are shelter 
and food resources, and these bird species were able to use 
a wide variety of food resources provided by the diverse 
habitat structure characteristic of the fragmented 
landscape. Probably the same process of relaxation of 
habitat requirements affects communities during winter in 
the Neotropics. However, there is still another important 
difference between wintering communities birds in temperate 
forests and wintering birds in the Neotropics: the presence 
of permanent resident species. 
The traditional view of mutual avoidance of migrant and 
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resident species in the wintering grounds is still 
controversial (Stanback 1987). Lynch (1992) indicates that 
if such is the case, we should expect a negative correlation 
between the abundance of migrants and residents across a 
range of habitats. But that depends entirely on the spatial 
scale of measurement. At huge scales, the population 
densities of even severe competitors may be positively 
correlated! So far, positive correlation values between 
number of residents and migrants have been obtained by Waide 
(1980), Hutto (1980), and Lynch (1992). These values 
indicate that (at the scale measured) habitats favorable for 
migrants as a group, are also favorable for resident 
species. The correlation between mean number of resident 
and migrant individuals for this study was negative but 
insignificant. I think this negative correlation has 
something to do with the inclusion of agricultural habitats. 
According to some summer observations in western Mexico 
(Hutto 1980), disturbed habitats may be inadequate for all 
year-long use by residents. Hutto speculated that nestling 
predation rates may be too high in disturbed lowlands 
habitats for permanent residency to be profitable. 
During the breeding season, resident neotropical 
species are under the same ecological pressures that affect 
breeding birds in North America (defense of territory, 
higher energy requirements due to reproduction, nest 
predators, etc.), and that make the use of disturbed 
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habitats a very risky proposition. Hutto (1980) suggested 
that disturbed habitats are underutilized (in terms of food 
resources) by resident species during the summer, and that 
migrants can make use of them successfully during the winter 
time. However, as Lynch (1992) and the results of the 
present study indicate, the same disturbed habitats are also 
used during the winter by at least some resident species. 
On the other hand, although territorial behavior may 
exist in some migratory species, the fact that mixed-species 
flocks are established during the winter (Hutto 1987), 
suggests that a positive association between different 
migrant and resident species is possible. 
The finding that migrant species, as a group, tend to 
have a broader habitat distribution than resident species in 
western Mexico, was established formerly by Hutto (1980, 
1992), and the results from the present study conform with 
that pattern. That 65% of all migrant species detected in 
borders are broadly distributed across the two elevational 
zones and exploited a variety of habitats in each zone, 
suggests that migrants, in general, might be somehow more 
"flexible" than resident species. In the same way, 77% of 
the migrant species in the lowlands, and 63% in the 
highlands were classified as "generalists" and detected in 
more than one habitat, and they also showed slightly higher 
N.B.I, values than residents. Lynch (1992) did not find 
differences in N.B.I, values between residents and migrants 
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wintering in the Yucatan Peninsula, probably because of the 
way habitats were classified in his study. 
As predicted by Hutto (1989) the modification of the 
pristine habitat in the tropical forest of western Mexico 
caused changes in the composition of species, by favoring 
certain guild groups: in his study most seed-eaters and 
omnivores were detected more often in disturbed than 
undisturbed habitats. Previously, he also found an inverse 
correlation between elevation and the number of wintering 
migrant species and their abundances; more species and more 
individuals were found to winter in the lowlands than in the 
highlands (Hutto 1980). My results indicate the opposite: 
relatively more migrant species and individuals were 
detected in highlands. I detected a high number of 
granivorous species and individuals that made use of the 
highland uncultivated open fields and border strips (by 
taking advantage of weed seeds). Hutto's reports (1980 and 
1992) did not include counts from border strips and/or 
fallow fields, and this could be the reason for the 
difference. 
Additionally, second growth, dry forest habitats, 
experience a flush of insect productivity during the 
northern winter and migrants are much more effective at 
responding numerically (Hutto 1989). In this study, migrant 
individuals accounted 80% of all insectivores recorded, and 
practically half of the total number of individuals recorded 
1 0 0  
in border strips, suggesting that insects are relatively 
abundant in this environment. 
Border strips in agricultural landscapes are, in 
general, quite variable (Best and Hill 1983, Osborne 1984, 
this study). They can be narrow strips composed mainly of 
herbaceous vegetation, or may be wider and contain a 
continuous canopy of shrubs and trees. The border strips 
studied are typical stages of a successional sequence that 
may occur naturally when vegetation in fencerows is 
unaltered by man (Best 1983). This highly variable pattern 
was also evident in the border strips of western Mexico. 
Irrespective of the great variability in border strip 
structure, all borders constitute (a) primary habitat for 
certain species, particularly edge species (Arnold and 
Weeldenburg 1990, Trnka et al. 1990, Hobbs 1992), (b) a 
barrier separating adjacent fields, (c) a source of biotic 
and environmental influences on the adjacent fields, and (d) 
corridors for movement of certain species (Wegner and 
Merriam 1979, Arnold and Weeldenburg 1990, Trnka et al. 
1990, Hobbs 1992) which may help reduce the isolating effect 
of farmlands on surrounding forests (Forman and Baudry 
1984). 
If we compare the area covered by border strips with 
the cover by actual agricultural land, we find that this 
area is almost insignificant, accounting for roughly five 
percent of the,ir area. In the same way, the numbers of 
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plant and animal species that use border strips make such 
borders an important feature of agricultural landscapes for 
preserving species in these disturbed habitats. Presumably, 
many would not be able to survive otherwise in the 
intensively farmed land (Vace 1976, O'Connor and Shrubb 
1986, Trnka et al. 1990). Numerous groups of animals find 
in border strips a suitable shelter, which allows them to 
use agricultural food resources that would otherwise be 
unavailable to them (Trnka et al. 1990). For example, bird 
species were three times more abundant, and the number of 
individuals were more than two times higher in borders than 
in agricultural fields studied in Moravia (Trnka et al. 
1990). My results also indicate that border strips are an 
important quality of western Mexico's landscape, because 
they harbor a great number of individuals that are not 
restricted to such conditions. 
It is surprising, then, that as Osborne (1984) pointed 
out, "Little or nothing has been published on hedgerows". 
Although border strips are considered important for farmland 
bird fauna, the way border strips were used by bird 
communities has been largely unquantified. 
More recently, some information has become available 
on the attributes of border strips that are important for 
bird life. Vegetation characteristics, such as plant 
diversity, and presence of snags are reported to be 
correlated with number of species observed (Osborne 1984, 
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Arnold 1983, Arnold and Weeldenburg 1990), with more 
vegetatively complex borders supporting a more diverse and 
abundant avifauna. This is consistent with the documented 
relationship between bird species diversity and the 
vegetative structural complexity of plant communities in 
general (MacArthur and MacArthur 1961, Karr and Roth 1971, 
Wilson 1974, Best 1983). Correspondingly, border strip 
width was the most important variable that explained the 
number of nesting birds in farmland in Michigan (Shalaway 
1985), and was also positively correlated with number of 
wintering birds in road verges of the Wheatbelt of Australia 
(Arnold and Weeldenburg 1990). These results are also 
presumably because an increase in border width results in an 
increase in vegetation complexity. In fact, Best (1983) 
documented that wider fencerows are more attractive to 
wildlife because they are more heterogeneous in vegetative 
structure and composition than narrow ones in farmlands of 
Iowa. Similar results were obtained in this study, the 
number of species were positively correlated with a set of 
variables that reflect a high vegetative complexity and, as 
a result, a wider array of potential resources. 
Additional studies involving wintering birds in New 
York (Petrides 1942), breeding arid wintering communities in 
England (Arnold 1983, Osborne 1984, O'Connor and Shrubb 
1986), breeding communities in Michigan (Shalaway 1985), 
breeding and wintering communities in Iowa (Best 1983, Best 
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and Hill 1983), and Illinois (Best 1990, Paruk 1990) have 
each found that narrow borders were used by just a few 
species (mainly sparrows), and that with an increase in 
width, the number of species using these strips of 
vegetation increased considerably. 
In contrast, Osborne (1984) found that both breeding 
and wintering bird densities of farmland communities in 
England were not correlated with any of the variables he 
measured. My results indicate that although mean number of 
individuals per count (a relative abundance value), is 
significantly correlated with some vegetation variables, the 
reasons for such relations are obscure. A clearer 
biological interpretation may emerge by looking at guild 
groups, which include all the species that use the 
environment in a similar way. 
Irrespective of geographic location, or time of year, a 
given guild uses border strips in a basically similar way. 
For example, sparrows and other seed-eating species were 
observed in short edges with herbaceous vegetation and 
constituted flocks during the winter in some locations in 
England (Arnold 1983, O'Connor and Shrubb 1986). In 
identical fashion, I observed granivorous species using 
primarily short border strips in western Mexico (mainly 
those near fallow or short agriculture fields). 
Interestingly, species such as Mourning Dove, Eastern 
Kingbird, Horned Lark, Common Yellowthroat, Indigo Bunting, 
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Dickcissel, Vesper Sparrow, Eastern Meadowlark, and Brown-
headed Cowbird make use of short border strips in summer in 
Iowa (Best 1983) in the same way that they or closely 
related species do during the winter in Mexico. Similarly, 
there are species that were recorded in tall borders but not 
in fields in both Iowa and western Mexico, including 
woodpeckers, flycatchers (except for the Vermilion 
Flycatcher), most warblers, wrens, thrushes, and other 
insectivorous species. Finally, there are still species 
that used agricultural fields regularly, including doves, 
kingbirds, cowbirds, blackbirds, and sparrows (Best 1983, 
1990) . 
Independent of border strips, agricultural fields per 
se are important for some migrant species. Although the 
information on this phenomenon is still scarce, it is 
beginning to be documented (Robbins et al. 1992). For 
example, overwintering migrants comprised 61.3% of the 
individuals and 40.3% of the species mist-netted in a large 
citrus plantation in central Belize during 2 winters. - The 
most frequent of 25 species were Black-and-white Warbler and 
MacGillivray's Warbler. These numbers indicate a especially 
high proportion of migrants in comparison with other studies 
in the Yucatan Peninsula. Nonetheless, citrus plantations 
are not suitable for all migratory species (Mills & Rodgers 
1992) . 
Some migratory species have been identified as highly 
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flexible in winter habitat use, occupying a broad range of 
habitat types, and being responsive to temporal shifts in 
resource abundance (Finch 1991). In fact, 81% of the 
species with more than 25 detections in border strips in 
this study were classified as "generalists", and could be 
considered "flexible" species. Of this group, 39 species 
(57%) are migratory. 
It has been suggested that the widely distributed 
species feed in ways that can be successfully used in a 
variety of habitats (Hutto 1986). 
In general, migrants may benefit from moderate 
disturbance (as is the case with border strips). 
Nevertheless, we have to keep in mind that each species, has 
specific basic requirements that must be considered in any 
conservation action. It is important to continue studying 
the ways that migratory birds make use of disturbed 
environments, in different geographic locations, in order to 
determine the best way of improving local conditions for the 
bird fauna in areas with extensive agriculture. 
Birds and other wildlife exposed to drastic changes in 
their environment either adapt behaviorally to the new 
conditions or go locally extinct. Previous experience 
suggests that many species are capable of such behavioral 
adaptation (O'Connor and Shrubb 1986). Historically, 
neotropical wildlife species only had to contend with the 
agricultural techniques that Mesoamerican cultures used 
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traditionally, including forest cleaning followed by a 
period of recovery of the original vegetation. However, 
nowadays the commonest form of land conversion involves 
clear-cutting followed by the establishment of permanent 
agricultural fields (Hutto 1989). Traditional farming 
systems are rapidly changing in all areas in the world as 
economic, social, and political pressures and the 
availability of new technologies promote the increased 
adoption of modern agricultural practices (Wilken 1987). 
"Hi-tech" agriculture is being introduced in Mexico, and the 
field size is being increased by the clearing of border 
strips. With extensive tree and edge clearance and the 
development of larger fields a marked reduction would be 
expected in both the numbers of species and numbers of birds 
capable of using such land. 
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6. CONSERVATION RECOMMENDATIONS 
In many regions, small remnant areas of relatively 
"natural" habitat surround agricultural fields. These 
border strips provide critical habitat for a variety of bird 
species. Because different species occupy different kinds 
of borders, it is necessary to maintain the diversity of 
extant border strip types. 
On the other hand, the use of fungicides, herbicides, 
insecticides, and chemical fertilizers is still widespread 
in agricultural areas and their effects on migrant 
populations are not well understood. It is, therefore, 
worthwhile to support simultaneously the establishment of 
regulations with respect to their use, which may affect the 
survival of both resident and migrants bird species 
overwintering in agricultural habitats (Robbins et al. 
1992). Because pesticide use is greatest in commercial 
agricultural lands of large extension, the predominantly 
migratory species using such non-forest lands are probably 
at greater risk than residents and those migrants wintering 
in undisturbed forests (Finch 1991). 
Borders, because of their linear form are corridors, 
which can fulfill multiple ecological roles in the 
landscape, though they are far from being representatives of 
the natural vegetation. However, borders should be regarded 
as an integral part of the "mosaic" farmland habitat, 
linking the remnant woods, and other centers of avian 
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dispersal (Bull et al. 1976). However, due to the fact that 
corridors may act as population sinks, where the risk of 
mortality is high (Simberloff & Cox 1987), "... they will 
neither be a panacea nor a complete disaster, [and] will 
benefit some species but not others" (Hobbs 1992). 
Lately, the conservation of remnants, small patches or 
clumps of vegetation (the called "better-than-nothing" 
strategy) is beginning to be viewed as an important action 
for the conservation of migrants. As Greenberg (1992) 
suggests, management of tropical second-growth should 
effectively complement forest conservation efforts. 
It would also be informative to study the use of border 
strips by resident populations during the summer in order to 
determine the population attributes of the species that make 
use of them and the ecological pressures acting on them. 
This will also provide comparative information needed to 
determine if migrants use habitats that are little used by 
resident populations during the summer. Of additional 
importance would be a study of communities that use 
understory agriculture. In these situations, the structure 
of the original vegetation does not change drastically, and 
the negative effects on habitat sensitive species may not be 
so strong. These are additional alternatives that are worth 
encouraging on commercial lands (Askins et al. 1990, Finch 
1991). 
Finally, one of the most important activities is to 
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make this information available to people involved in 
conservation decision-making and environmental education 
institutions. 
Government and private organizations are the ones that 
can apply this knowledge in the creation of regulations that 
may protect sensitive species and preserve local 
biodiversity. 
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7. CONCLUSIONS 
Border strips are very important elements in 
agricultural landscapes and their use by birds is more 
intensive and extensive than formerly hypothesized. In 
western Mexico 175 species make use of them at least 
occasionally, including 77% of the migrant species that have 
been recorded throughout within western Mexico. In fact, 
some of the migrants are among the most common species in 
borders (e.g. Blue-gray Gnatcatcher, Yellow-rumped Warbler, 
Nashville Warbler, Orange-crowned Warbler, Chipping Sparrow 
and Lark Sparrow). 
As a group, migrants tend to have broader distribution 
across two elevational zones than resident species. Fifty-
seven percent of all individuals detected were migrants, and 
they were more numerous in highland borders than in lowland 
borders. 
As tallied by species, migrants comprised most of the 
aerial and canopy insectivores (74%), while migrant 
individuals made up the 80% of the insectivorous, and the 
53% of nectarivorous and granivorous individuals. 
Border strip structure variables were important in 
determining the number and the kind of bird species that 
make use of them. In general, wider and taller borders 
contained more species than short and herbaceous borders. 
However, the overall number of individuals recorded did not 
show any important relation with border variables, 
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suggesting that life history and the habits of particular 
species best explain local abundance (relative abundance or 
density) in border strips. 
Most of migrant species (81% of the common species) 
detected in border strips were classified as "generalists", 
being able to use a wide array of border types. However, 
some species were more highly associated with a subset of 
border features. Species occurring in the highlands such as 
Western Flycatcher, Ruby-crowned Kinglet, Warbling Vireo, 
occurred in border strips, but only when a tall and broad 
strip with some plant species characteristic of the original 
vegetation were present. 
In conclusion, border strips are not only important 
winter habitat for the survival of migratory species in the 
Neotropics, but also are important for resident populations 
that make use of them during the winter. 
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APPENDIX 1. Frequency of plant species recorded in lowland 
border strips. 
Family and species Frequency (N=302) 
ACANTHACEAE 
Anisachantus quadrifidus 4 
AMARANTHACEAE 
Amaranthus spp. 5 
Gomphrena sp. 4 
Iresine spp. 7 
AMARYLLIDACEAE 
Smilax sp. 2 
ANACARDIACEAE 
Manqifera indica 2 
Spondias purpurea 1 
ANNONACEAE 
Annona sp. 3 
ARALIACEAE 
Aralia sp. 1 
ARISTOLOCHIACEAE 
Aristolochia sp. 45 
BIGNONIACEAE 
Asthianthus viminalis 1 
Crecentia alata 8 
Tabebuia spp. 13 
BORAGINACEAE 
Cordia elaqnoides 28 
Cordia sp. 3 
CACTACEAE 
Pererkiopsis sp. 4 
COMBRETACEAE 
Combretum farinosum 1 
COMPOSITAE 
Undetermiend species 12 
CONVOLVULACEAE 
Ipomoea sp. 7 
CUCURBITACEAE 
Cyclanthera sp.? 40 
Momordica balsamica 80 
Undetermined species 5 
ERYTHROXYLACEAE 
Erythroxylon sp. 4 
EUPHORBIACEAE 
Croton suberosus 7 
Ricinus communis 16 
FLACOURTIACEAE 
Xylosma sp.? 4 
GRAMINEAE 
Panicum sp. 4 
Undetermined species 100 
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APPENDIX 1. Continued. 
Family and species Frequency 
LABIATAE 
Undetermined species 1 
LEGUMINOSAE 
Acacia spp. 7 3 
Andira inermis 6 
Bauhinia sp. 1 
Cassia fistula 1 
Crotalaria sp. 1 
Enterolobium cyclocarpum 8 
Haematoxylon brasiletto 3 
Lysiloma acapulcensis 12 
Mimosa sp. 12 
Phaseolus sp. 9 
Pithecoellobium dulce 145 
Prosopis sp. 162 
Tamarindus indicus 12 
Zenna spp. 30 
Undetermined species 89 
LORANTHACEAE 
Struthanthus sp. 5 
MALVACEAE 
Sida sp. 4 
Undetermined species 5 
MORACEAE 
Brosimum alicastrum 1 
Ficus spp. 32 
MYRTACEAE 
Psidium quajaba 5 
OLEACEAE 
Fraxinus udehi 1 
PALMAE 
Orbiqnya cohune 4 
RANUNCULACEAE 
Clematis dioica 1 
RHAMNACEAE 
Zyziphus amole 5 
RUTACEAE 
Citrus spp. 18 
SALICACEAE 
Sallx spp. 5 
SAPINDACEAE 
Undetermined species 7 
SAPOTACEAE 
Bummelia cartilaqinea 4 
SOLANACEAE 
Solanum sp. 11 
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APPENDIX 1. Continued. 
Family and species Frequency 
STERCULACEAE 
Guazuma ulmifolia 71 
ULMACEAE 
Celtis iquanaea 14 
VERBENACEAE 
Citharexylum affine 4 
Lantana camara 12 
VITACEAE 
Undetermined species 4 
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APPENDIX 2. Frequency of plant species recorded in highland 
border strips. 
Family and Species Frequency (N=328) 
AMARANTHACEAE 
Amaranthus sp. 19 
Iresine interrupta 2 
Iresine sp. 1 
AMARYLLIDACEAE 
Agave sp. 55 
ANNONACEAE 
Annona cherimolla 1 
BETULACEAE 
Alnus sp. 4 
CACTACEAE 
Opuntia sp. 72 
Pachycereus sp.? 2 
CAMPANULACEAE 
Lobelia sp. 5 
CAPRIFOLIACEAE 
Viburnum sp. 3 
CASUARINACEAE 
Casuarina equisetifolia 4 
CHENOPODIACEAE 
Chenopodium ambrosioides 2 
COMPOSITAE 
Artemisa mexicana 1 
Artemisa sp. 2 
Baccharis sp. 190 
Brickelia sp. 12 
Cirsium sp. 2 
Eupatorium spp. 57 
Gnaphalium sp. 12 
Montanoa sp. 8 
Senecio sp. 32 
Stevia sp. 4 
Taqetes lucida 75 
Taqetes sp. 1 
Tithonia tubiformis 29 
Verbesina sp. 5 
Vernonia sp. 56 
Undetermined species 88 
CONVOLVULACEAE 
Ipomoea murucoides 9 
Ipomoea spp. 8 
CRUCIFERAE 
Brassica campestris 2 
Lepidium virqinicum 4 
CUCURBITACEAE 
Sicyos sp. 18 
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APPENDIX 2. Continued. 
Family and Species Frequency 
CUPRESSACEAE 
Cupressus lindleyi 34 
ERICACEAE 
Arbutus xalapensis 2 
Arctostaphilos discolor 2 
EUPHORBIACEAE 
Ricinus communis 19 
FAGACEAE 
Quercus spp. 51 
GRAMINEAE 
GRASSES 105 
LABIATAE 
Leonotis nepetaefolia 20 
Salvia sp. 100 
Undetermined species 10 
LAURACEAE 
Persea americana 5 
Phoebe arsenei 2 
LEGUMINOSAE 
Acacia anqustissima 11 
Calliandra qrandis 5 
Crotalaria sp. 11 
Erythrina sp. 10 
Eysenhardtia polystachya 10 
Lupinus sp. 16 
Mimosa sp. 7 
Prosopis sp. 64 
Undetermined species 11 
LILIACEAE 
Yucca filifera 2 
LOGANACEAE 
Buddleia sessiliflora 79 
LORANTHACEAE 
Phoradendron sp. 7 
LYTHRACEAE 
Heimia saliciflora 2 
MALVACEAE 
Sida sp. 15 
Undetermined species 4 
MYRTACEAE 
Eucaliptus qlobulus 37 
OLEACEAE 
Fraxinus udhei 76 
Liqustrum lucidum 2 
ONAGRACEAE 
Lopezia mexicana 1 
PHYTOLACCACEAE 
Phytollaca icosandra 9 
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APPENDIX 2. Continued. 
Family and Species Frequency 
PINACEAE 
Pinus sp. 55 
POLYGALACEAE 
Monnina ciliolata 5 
POLEMONIACEAE 
Loeselia mexicana 3 
PTERYDOPHYTA (Ferns) 
Pteridium aquilinum 1 
RHAMNACEAE 
Rhamnus microphylla 23 
RANUNCULACEAE 
Clematis dioica 17 
ROSACEAE 
Crataequs pubescens 102 
Cydonia oblonqa 1 
Prunus capuli 55 
Prunus persica 2 
Rubus spp. 82 
RUTACEAE 
Casimiroa edulis 2 
SALICACEAE 
Salix sp. 44 
SCROPHULARUIACEAE 
Castilleja arvensis 14 
SOLANACEAE 
Acnistus sp. 4 
Datura stramonium 1 
Nicotiana qlauca 29 
Physalis sp. 3 
Solanum rostratum 2 
Solanum sp. 2 
STYRACACEAE 
Styrax sp. 9 
TAXODIACEAE 
Taxodium mucronatum 5 
THEACEAE 
Ternstroemia prinqlei 1 
TYPHACEAE 
Typha sp. 1 
UMBELLIFERAE 
Undetermined species 1 
VERBENACEAE 
Lantana camara 11 
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APPENDIX 3. Scientific names of the bird species recorded 
in agricultural border strips in western Mexico. 
English name Scientific name 
FALCONIDAE 
American Kestrel 
CRACIDAE 
West Mexican Chachalaca 
PHASIANIDAE 
Northern Bobwhite 
Banded Quail 
COLUMBIDAE 
Rock Dove 
White-winged Dove 
Mourning Dove 
Inca Dove 
Common Ground-Dove 
Ruddy Ground-Dove 
White-tipped Dove 
PSITTACIDAE 
Orange-fronted Parakeet 
Blue-rumped Parrotlet 
White-fronted Parrot 
CUCULIDAE 
Squirrel Cuckoo 
Groove-billed Ani 
TROCHILIDAE 
Fork-tailed Emerald 
Broad-billed Hummingbird 
White-eared Hummingbird 
Berylline Hummingbird 
Cinnamon Hummingbird 
Violet-crowned Hummingbird 
Magnificent Hummingbird 
Ruby-throated Hummingbird 
Black-chinned Hummingbird 
Bumblebee Hummingbird 
Rufous Hummingbird 
TROGONIDAE 
Citreoline Trogon 
MOMOTIDAE 
Russet-crowned Motmot 
PICIDAE 
Acorn Woodpecker 
Golden-cheeked Woodpecker 
Golden-fronted Woodpecker 
Red-naped Sapsucker 
Ladder-backed Woodpecker 
Hairy Woodpecker 
Northern Flicker 
TYRANNIDAE 
Northern-beardless Tyrannulet 
Falco sparverius 
Ortalis poliocephala 
Colinus virqinianus 
Phylortyx fasciatus 
Columba livia 
Zenaida asiatica 
Zenaida macroura 
Columbina inca 
Columbina passerina 
Columbina talpacoti 
Leptotila verreauxi 
Aratinqa canicularis 
Forpus cyanopiqius 
Amazona albifrons 
Piaya cayana 
Crotophaqa sulcirostis 
Chlorostilbon canivetii 
Cynanthus latirostris 
Hylocharis leucotis 
Amazilia beryllina 
Amazilia rutila 
Amazilia violiceps 
Eugenes fulqens 
Archilochus colubris 
Archilochus alexadri-
Atthis heloisa 
Selasphorus rufus 
Trogon citreolus 
Momotus mexicanus 
Melanerpes formicivorus 
Melanerpes chrysoqenys 
Melanerpes aurifrons 
Sphyrapicus varius 
Picoides scalaris 
Picoides villosus 
Colaptes auratus 
Camptostoma imberbe 
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APPENDIX 3. Continued. 
English name Scientific name 
Tufted Flycatcher 
Greater Peewee 
Willow Flycatcher 
Western Flycatcher 
Buff-breasted Flycatcher 
Black Phoebe 
Say's Phoebe 
Vermilion Flycatcher 
Dusky-capped Flycatcher 
Ash-throated Flycatcher 
Brown-crested Flycatcher 
Great Kiskadee 
Social Flycatcher 
Tropical Kingbird 
Cassin's Kingbird 
Thick-billed Kingbird 
Western Kingbird 
Scissor-tailed Flycatcher 
Rose-throated Becard 
ALAUDIDAE 
Horned Lark 
CORVIDAE 
Magpie Jay 
San Bias Jay 
Gray-breasted Jay 
Common Raven 
AEGITHALIDAE 
Bushtit 
TROGLODYTIDAE 
Spotted Wren 
Canyon Wren 
Sinaloa Wren 
Banded Wren 
Happy Wren 
Bewick's Wren 
House Wren 
White-bellied Wren 
MUSCICAPIDAE 
Ruby-crowned Kinglet 
Blue-gray Gnatcatcher 
Eastern Bluebird 
Brown-backed Solitaire 
Orange-billed Nightingale 
Mitrephanes phaeocercus 
Contopus pertinax 
Empidonax traillii 
Empidonax difficilis 
Empidonax fulvifrons 
Sayornis nigricans 
Sayornis saya 
Pyrocephalus rubinus 
Myiarchus tuberculifer 
Myiarchus cinerascens 
Myiarchus tyrannulus 
Pitanqus sulphuratus 
Myiozetetes similis 
Tyrannus melancholicus 
Tyrannus vociferans 
Tyrannus crassirostris 
Tyrannus verticalis 
Tyrannus forficatus 
Pachyramphus aqlaiae 
Eremophila alpestris 
Calocitta formosa 
Cyanocorax sanblasianus 
Aphelocoma ultramarina 
Corvus corax 
Psaltriparus minimus 
Campylorhynchus gularis 
Catherpes mexicanus 
Tryothorus sinaloa 
Tryothorus pleurostictus 
Tryothorus felix 
Thryomanes bewickii 
Troglodytes aedon 
Uropsila leucogastra 
Regulus calendula 
Polloptila caerulea 
Sialia sialis 
Myadestes obscurus 
Thrush Catharus aurantiirostris 
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APPENDIX 3. Continued. 
English name 
Russet Nightingale Thrush 
Hermit Thrush 
White-throated Robin 
Rufous-backed Robin 
American Robin 
MIMIDAE 
Northern Mockingbird 
Curve-billed Thrasher 
Blue Mockingbird 
BOMBYCILLIDAE 
Cedar Waxwing 
PTILOGONATIDAE 
Gray-silky Flycatcher 
LANIIDAE 
Loggerhead Shrike 
VIREONIDAE 
Bell's Vireo 
Solitary Vireo 
Hutton's Vireo 
Golden Vireo 
Warbling Vireo 
EMBERIZIDAE: Parulinae 
Orange-crowned Warbler 
Nashville Warbler 
Lucy's Warbler 
Tropical Parula 
Crescent-chested Warbler 
Yellow Warbler 
Yellow-rumped Warbler 
Black-throated Gray Warbler 
Townsend's Warbler 
Grace's Warbler 
Black-and-white Warbler 
Northern Waterthrush 
McGillivray's Warbler 
Common Yellowthroat 
Gray-crowned Yellowthroat 
Wilson's Warbler 
Red-faced Warbler 
Painted Redstart 
Slate-throated Redstart 
Rufous-capped Warbler 
Yellow-breasted Chat 
Scientific name 
Catharus occidentalis 
Catharus guttatus 
Turdus assimilis 
Turdus rufopalliatus 
Turdus migratorius 
Mimus polyglottos 
Toxostoma curvirostre 
Melanotis caerulescens 
Bombycilla cedrorum 
Ptilogonis cinereus 
Lanius ludovicianus 
Vireo bellii 
Vireo solitarius 
Vireo huttonii 
Vireo hypochryseus 
Vireo gilvus 
Vermivora celata 
Vermivora ruficapilla 
Vermivora luciae 
Parula pitiayumi 
Parula supeciliosa 
Dendroica petechia 
Dendroica coronata 
Dendroica nigrescens 
Dendroica townsendi 
Dendroica graciae 
Mniotilta varia 
Seiurus noveboracensis 
Oporornis tolmiei 
Geothlypis trichas 
Geothlypis poliocephala 
Wilsonia pusilla 
Cardelina rubrifrons 
Myioborus pictus 
Myioborus mineatus 
Basileuterus rufufrons 
Icteria virens 
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APPENDIX 3. Continued. 
English name 
EMBERIZIDAE: Thraupinae 
Scrub Euphonia 
Blue-hooded Euphonia 
Hepatic Tanager 
Summer Tanager 
Western Tanager 
Flame-colored Tanager 
EMBERIZIDAE: Cardinalinae 
Grayish Saltator 
Yellow Grosbeak 
Black-headed Grosbeak 
Blue Bunting 
Blue Grosbeak 
Lazuli Bunting 
Indigo Bunting 
Varied Bunting 
Orange-breasted Bunting 
Painted Bunting 
Dickcissel 
EMBERIZIDAE: Emberizinae 
Rufous-capped Brush-Finch 
Chestnut-capped Brush-Finch 
Olive Sparrow 
Rusty-crowned Ground-Sparrow 
Green-tailed Towhee 
Collared Towhee 
Rufous-sided Towhee 
Canyon Towhee 
Blue-black Grassquit 
White-collared Seedeater 
Cinnamon-bell. Flowerpiercer 
Black-chested Sparrow 
Stripe-headed Sparrow 
Striped Sparrow 
Chipping Sparrow 
Clay-colored Sparrow 
Brewer's Sparrow 
Vesper Sparrow 
Lark Sparrow 
Savannah Sparrow 
Grasshopper Sparrow 
Sierra Madre Sparrow 
Song Sparrow 
Scientific name 
Euphonia afinis 
Euphonia eleqantissima 
Piranqa flava 
Piranqa rubra 
Piranga ludoviciana 
Piranga bidentata 
Saltator coerulescens 
Pheucticus chrysopeplus 
Pheucticus melanocephalus 
Cyanocompsa parellina 
Guiraca caerulea 
Passerina amoena 
Passerina cyanea 
Passerina versicolor 
Passerina leclancherii 
Passerina ciris 
Spiza americana 
Atlapetes pileatus 
Atlapetes brunneinucha 
Arremonops rufivirgatus 
Melozone kieneri 
Pipilo chlorurus 
Pipilo ocai 
Pipilo erythrophthalmus 
Pipilo fuscus 
Volatinia jacarina 
Sporophila torqueola 
Diglossa baritula • 
Aimophila humeralis 
Aimophila ruficauda 
Oriturus superciliosus 
Spizella passerina 
Spizella pallida 
Spizella breweri 
- Pooecetes gramineus 
Chondestes grammacus 
Passerculus sandwichensis 
Ammodramus savannarum 
Xenospiza baileyi 
Melospiza melodia 
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APPENDIX 3. Continued. 
Enqlish name Scientific name 
Lincoln's Sparrow Melospiza lincolnii 
White-crowned Sparrow Zonotrichia leucophrys 
Yellow-eyed Junco Junco phaeonotus 
EMBERIZIDAE: Icterinae 
Red-winged Blackbird Aqelaius phoeniceus 
Eastern Meadowlark Sturnella maqna 
Yellow-headed Blackbird X. xantocephalus 
Brewer's Blackbird Euphaqus cyanocephalus 
Great-tailed Grackle Quiscalus mexicanus 
Bronzed Cowbird Molothrus aeneus 
Brown-headed Cowbird Molothrus ater 
Black-vented Oriole Icterus waqleri 
Orchard Oriole Icterus spurius 
Hooded Oriole Icterus cucullatus 
Streak-backed Oriole Icterus pustulatus 
Spot-breasted Oriole Icterus pectoralis 
Northern Oriole Icterus bullocki 
Scott's Oriole Icterus parisorum 
Yellow-winged Cacique Cacicus melanicterus 
EMBERIZIDAE: Carduelinae 
House Finch Carpodacus mexicanus 
Pine Siskin Carduelis pinus 
Lesser Goldfinch Carduelis psaltria 
PASSERIDAE 
House Sparrow Passer domesticus 
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